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(54) Abstract Title: Plastically deforming and radially expanding a tulxilar member 

(57) A wellbore casing is formed by plastically deforming and radially expanding a tubular member 600 within 
a wellbore 10. A roller expansion device 615 is then positioned within the tubular member 600 so as to 
apply a radial force to plastically deform and radially expand a portion of the tubular member to thereby 
form a recess 620 in the tubular member. 
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Background of the Invention 
This invention relates generally to wellbore casings, and in particular to wellbore 
casings that are fonmed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed in 
5 the borehole to prevent collapse of the borehole wall and to prevent urniesired outflow 
of drilling fluid into the formation or inflow of fluid from the fonnation Into ti^e t>orehoie. 
The borehole is drilled in intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously installed casing of an upper borehole 
inten/al. As a consequence of this procedure the casing of the lower interval is of 

10 smaller diameter than the casing of the upper interval. Thus, the casings are in a 

nested an^ngement with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 

15 a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time Is invoh^ed due to required cement pumping, 
cement hardening, required equipment chartges due to large variations in hole 
diameters drilled in tiie course of ttie well, and tiie large volume of cuttings drilled and 

20 removed. 

The present invention is directed to overcorrung one or more of the limitations of 
the existing procedures for forming wellbores. 

Summary of the Invention 
According to one aspect of the invention, an apparatus for plastically deforming 
25 and radially expanding a tubular member is provided that includes means for plastically 
deforming and radially expanding a first portion of the tubular rnember to a first outside 
diameter, and means for plastically defomiing and radially expanding a second portion 
of tiie tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for plastically 
30 deforming and radially expanding a tubular member is provided that includes a tubular 
support member including a first fluid passage, an expansion cone coupled to the 
tubular support member having a second fluid passage fluldlcly coupled to the Frst fluid 
passage and an outer conical surface, a removable annular conical sleeve coupled to 
die outer conical surface of the exparision cone, an annular expansion cone launcher 
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coupled to the conical sleeve and a lower portion of the tubular member, and a shoe 
having a vatveable passage coupled to an end of the expansion cone launcher. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member is pn3vided that includes plastically 
5 deforming and radially expanding a portion of the tubular member to a first outside 
diameter, and plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes plastically 

10 deforming and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically deforming and radially expanding another portion of the 
ftrst tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular memt)er in overlapping relation to the first portion of the 
first tubular member, plastically deforming and radially expanding the second tubular 

15 member to a third outside diameter, and plastically defomfiing and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling a 

20 first tubular member to a second tubular member is provided that includes means for 
plastically deforming and radially expanding a first porUon of the first tubular member to 
a first outside diameter, means for plastically defonming and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning 
the second tubular member inside the first tubular member in overlapping relation to 

25 ttie first portion of the first tubular member, means for plastically deforming and radially 
expanding the second tubular memt>er to a tiiird outside diameter, and 

means for plastically deforming and radially expanding the second tubular member to a 

fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. 

. 30 According to another aspect of the present invention, an apparatus for fomiing 

a wellbore casing witiiin a wellbore is provided that includes means for supporting a 
tubular member vyithin the wellbore, means for plastically deforming and radially 
expanding a first portion of the tubular member to a first outside diameter, and means 
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for plastically deforming and radially expanding a second porUon of the tubular member 
to a second outside diameter. 

According to another aspect of the present invention, an apparatus for fomning 
a wellbore casing within a wellbore is provided that includes a tubular support member 
S including a first fluid passage, an expansion cone coupled to the tubular support 
member having a second fluid passage fluididy coupled to the first fluid passage and 
an outer conical surface, a removable annular conical sleeve coupled to the outer 
conical surface of the expansion cone, an annular expansion cone launcher coupled to 
the conical sleeve and a lower portion of the tubular member, and a shoe having a 

1 0 yalveable passage coupled to an end of the expansion cone launcher. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided that includes supporting a tubular member 
within a wellbore, plastically deforming and radially expanding ia portion of the tubular 
member to a first outside diameter, and plastically defomriing and radially expanding 

1 5 another portion of the tubular mernber to a second outside dianneter. 

According to another aspect of the present invention, a method of forming a 
mono-diameter wellbore casing within a wellbore Is provided that includes supporting a 
first tubuter member within the wellbore, plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diarrieter, plastically defomning 

20 arid radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the second tubular member to a third outside diameter, and 
plastically deforming and radially expanding the seo^d tubular member to a fourth 

25 outside diameter. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

According to artother aspect of the present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular member to 

30 a first outside diameter, means for plastically deforming and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning 
the second tubular member inside the first tubular member in overlapping relation to 
the first portion of the first tubular member, means for plastically deforming and radially 
expanding the seoorxl tubular member to a third outside diameter, and 
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means for plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular menr^rs 
after the plastic deformations and radial expansions are substantially equal. 
According, to another aspect of the present invention, an apparatus for 
5 piastically defonning and radially expanding a tubular member is provided that includes 
means for providing a lipped portion in a portion of the tubular member, and means for 
plastically defomiing and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically defomiing and radially expanding a tubular member is provided that includes 

10 a tubular support member including a first fluid passage, an expansion cone coupled to 
the tubular support member having a second fluid passage fluidicly coupled to the first 
fluid passage and an outer conical surface, an annular expansion cone launcher 
including: a first annular portion coupled to a lower portion of the tubular member, a 
second annular portion coupled to the first annular portion that mates with the outer 

15 conical surface of the expansion cone, a third annular portion coupled to the second 
annular portion having a finst outside diameter, and a fourth annular portion coupled to 
the third annular portion having a second outside diameter, wherein the second outside 
diameter is less than the first outside diameter, and a shoe having a valveable passage 
coupled to fourth annular portion of the expansion cone launcher. 

20 According to another aspect of the present invention, a rriethod of plastically 

defonning and radially expanding a tubular member is provided that includes providing 
a lipped portion in a portion of the tubular member, and plastically deforming and 
radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of coupling a 

25 first tubular rnember to a second tubular member is provided that includes providing a 
lipped portion in a portion of the first tubular member, plastically deforming and radially 
expanding another portion of the first tubular member, positioning the second tubular 
member inside the first tubular member in overlapping relation to the lipped portion of 
the first tubular member, and plastically deforming and radially expanding the second 

30 tubular memt>er. The inside diameters of the first and second tubular members after 
the plastic defomiations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means for 
providing a lipped portion in the first tubular member, means for plastically deforming 


and radially expanding another portion of the first tubular member, means for 
positioning the second tubular member Inside the first tubular member in overiapping 
relation to the lipped portion of the first tubular member, and means for plastically 
deforming and radially expanding the second tubular member. The inside diameters of 
5 the first and second tubular members after the plastic defonnafons and radial 
expansions are substantially equal. 

According to another aspect of the present invention, ari apparatus for fonnlng 
a wellbore casing within a wellbore is provided that includes means for supporting a 
tubular member within the wellbore, means for providing a lipped portion in the tubular 

10 member, and means for plastically deforming and radially expanding another portion of 
the tubular member to a second outside diameter, 

According to another aspect of the present invention, an apparatus for fonnlng 
a wellbore casing within a wellbore is provided that includes a tubular support member 
including a first fluid passage, an expansion cone coupled to the tubular support 

1 5 member having a second fluid passage fluidicly coupled to the first fluid passage and 
an outer conical surface, an annular expansion oone launcher including: a first annular 
portion coupled to a lower portion of the tubular member, a second annular portion 
coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone, a third annular portion coupled to the second annular portion having a 

20 first outside diameter, and a fourth annular portion coupled to the third annular portion 
having a second outside diameter, wherein the second outside diameter is less than 
the first outside diameter, and a shoe having a valveable passage coupled to fourth 
annular portion of the expansion cone launcher. 

According to another aspect of the present inventbn, a method of forming a 

25 wellbore casing in a wellbore is provided that includes supporting a tubular member 
within the wellbore, providing a lipped portion in a portion of the tubular member, and 
plastically deforming and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of forming a 
mono-diameter wellbore casing within a wellbore is provided that includes supporting a 

.30 first tubular member within the wellbore, providing a lipped portion in a portion of the 
first tubular menrriber, plasticaliy defomiing and radially expanding another portion of the 
first tubular member, positioning the second tubular member Inside the first tubular 
member in overlapping relatipn to the lipped portion of the first tubular member, and 
plastically defonming and radially expanding the second tubular member. The inside 
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diameters of the first and second tulHJlar memt)ers after the plastic deformations and 
radial expansions are sut>stant]ally equal. 

According to another aspect of the present invention, an apparatus for forming 
a mono-diameter welit)ore casing within a weiit>ore is provided that includes means for 
5 providing a lipped portion in the first tubular memt)er, means for plastically deforming 
and radially expanding another portion of ttie first tubular member, means for 
positioning the second tubular member inside the first tubular member in overlapping 
relation to the lipped portion of the first tubular member, and means for plastically 
defomning and radially expanding the second tubular member. The inside diameters of 

10 the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that includes 
means for plastically defonning and radially expanding a first end of the tubular 

1 !5 member, and means for plastically deforming and radially expanding a second end of 
the tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically defomiing and radially expanding a tubular member is provided that includes 
a tubular support member including a first passage, an expansion cone coupled to the 

20 tubular support having a second passage fluidicly coupled to the first passage and an 
outer conical surface, an annular expansion cone launcher movably coupled to outer 
conical surface of the expansion cone, an expandable tubular member coupled to an 
end of the annular expansion cone launcher, a shoe coupled to another end of the 
annular expansion cone launcher having a valveable fluid passage, and another 

25 annular expansion cone nxsvably coupled to the tubular support memt>er. The annular 
expansion cones are positioned in opposite orientations. 

_^ According to another aspect of the present invention , a method of plastically 

deforming and radially expanding a tubular member is provided that includes plastically 
deforming and radially expanding a first end of the tubular member, and plastically 

30 defonming and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of coupling a 
first tubular memt)er to a second tubular member is provided that includes positioning 
the second tubular member inside the first tubular member in an overlapping 
relationship, plastically defomning and radially expanding the end of the second tubular 
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member that overlaps with the first tubular member, and plastically deforming and 
radially expanding the remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means for 
5 positioning the second tulxilar member inside the first tubular member in an 

overlapping relationship, nneans for plastically deforming and radially expanding the 
end of the second tubular member that overlaps with the first tubular member, and 
means for plastically deforming and radially expanding the remaining portion of the 
second tubular member. 

1 0 According to another aspect of the present invention, an apparatus for forming 

a wellbore casing within a wellbore is provided that includes means for supporting a 
tubular member within the wellbore, means for plastically defomning and radially 
expanding a first end of the tubular member, and means for plastically deforming and 
radially expanding a second end of the tubular member. 

1 S According to another aspect of the present invention, an apparatus for fomning 

a wellbore casing within a wellbore is provided that iricludes a tubular support member 
including a first passage, an expansion cone coupled to the tubular support having a 
second passage fluidlcly coupled to the first passage and an outer conical surface, an 
annular expansion cone launcher movably coupled to outer conical surface of the 

20 expansion cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end of the annular expansion 
cone launcher having a valveable fluid passage, and another annular expansion cone 
movably coupled to the tubular support member. The annular expansion cones are 
positioned in opposite orientations. 

25 According to another aspect of the present invention, a method of forming a 

wellbore casing within a wellbore is provided that includes plastically deforming and 
radially expanding a first end of the tubular member, and plastically defomning and 
radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of forming a 

30 wellbore casing within a wellbore is provided that includes plastically defomning and 
radially expanding a first tubular member within the wellbore, positioning a second 
tubular member inside the first tubular member in an overlapping relationship, 
plastically defonming and radially expanding the end of the second tubular member that 
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overlaps with the first tubular member, and plastically deforrrtng and radially expanding 
the remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for fomning 
a weBbore casing within a wellbore is provided that includes means for plastically 
5 deforming and radially expanding a first tubular member within the wellbore, means for 
positioning the second tubular member inside the first tubular member in an 
overlapping relationship, means for plastically defonning and radially expanding the 
end of the second tubular member that overlaps with the first tubular member, and 
means for plastically defomfiing and radially expandirig the remaining portion of the 
1 0 second tubular member. 

According to another aspect of the present invention, an apparatus for bridging 
an axial gap between opposing pairs of wellbore casing within a wellbore is provided 
that Includes means for supporting a tubular member in overlapping relation to the 
opposing ends of the wellbore casings, means for plastically defonning and radially 
15 expanding the tubular member, and 

means for plastically deforming and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 

According to another aspect of the present invention, a method of bridging an 
axial gap between opposing pairs of wellbore casing within a wellbore is provided that 
20 Includes supporting a tubular member in overlapping relation to the opposing ends of 
the wellbore casings, plastically deforming and radially expanding the tubular mwnber. 
and plastically deforming and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

According to another aspect of the present invention, a method of fonming a 
25 stmdure having desired strength characteristics is provided that includes providing a 
first tubular member, and plastically deforming and radially expanding additional tubular 
m embers onto the interior si irfaoft nf the first tubular member until the desired strength 
characteristics are achieved. 

According to another aspect of the present invention, a method of fonming a 
30 wellbore casing within a wellbore having desired strength characteristics is provided 
that includes plastically defomiing and radially expanding a first tubular member within 
the wellbore, and plastically deforming and radially expanding additional tubular 
members onto the interior surface of the first tubular member until the desired strerigth 
characteristics are achieved. 
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According to another aspect of the present invention, a method of coupling a 
first tubular memt>er to a second tubular member, the first tubular member having an 
original outside diameter ODo and an original wall thickness to, is provided that includes 
plastically defomiing and radially expanding a first portion of the first tubular member to 

5 a first outside diameter, plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, plastically defomiing and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding 

10 the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic defonmations and radial expansions 
are substantially equal, and the ratio of the original outside diameter ODo of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. 

1 5 According to another aspect of the present invention, a method of fonning a 

mono-diameter weliborB casing is provided that includes positioning a first tubular 
nriennber within a wellbore, the first tubular member having an original outside diameter 
ODo and an original wall thickness tb, plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter, plastically defomiing 

20 and radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portk3n of the first tubular member, plastically deforming 
and radially expanding the second tubular member to a third outside diameter, and 
plastically defomning and radially expanding the second tubular member to a fourth 

25 outside diameter. The hiside diameters of the first and second tubular members after 
the plastic defomnatipns and radial expansions are substantially equal, and the ratio of 
the original outside diameter ODo of the first tubular member to the original wall 
thickness to of the first tubular member is greater than or equal to 16. 

According to another aspect of the present inventton, an apparatus is provided 

30 that includes a plastically defonmed and radially expanded tubular memt>er having a 
first portion having a first outside diameter and a remaining portion having a secorui 
outside diameter. The ratio of the original outside diameter ODo of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 
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According to another aspect of Oie present invention, an apparatus is provided 
that includes a plastically defonned and radially expanded first tubular menit)er having 
a first portion having a first outside diameter and a remaining portion having a second 
outside diameter, and a plastically defonmed and radially expanded second tubular 
5 member coupled to the first portion of the first tubular member The ratio of the original 
outside diameter ODo of the first tubular member to the original wall thickness to of the 
first tubular member is greater than or equal to 16. 

According to another aspect of the present invention, a virellbore casing formed 
in a wellbore is provided that includes a plastically defomried and radially expanded first 

1 0 tubular member having a first portion having a first outside diameter and a remaining 
portion having a second outside diameter, and a plastically deformed and radially 
expanded second tubular member coupled to the first portion of the first tubular 
member. The ratio of the original oiitside diameter ODo of the first tubular member to 
the original wall thickness to of the first tubular member is greater than or equal to 16. 

1 5 According to another aspect of the present Invention, an apparatus is provided 

that includes a plastically defonmed and radially expanded tubular member. The ratio 
of the original outside diameter ODo of the tubular member to the original wall thickness 
to of the tubular member is greater than or equ^l to 16. 

Brief Description of the Drawings 

20 Fig. 1a is a cross sectional illustration of a wellbore including a preexisting 

wellbore casing. 

Fig. lb Is a cross-sectional illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. la. 

Fig. 1c is a cross-sectional illustration of the injectton of fluklic niaterials through 
25 the apparatus of Rg: 1 b. 

Fig. 1d is a cross-sectional illustration of the injection of hardenable fluklic 

sealing materials through the apparg ^tus of Fig. 1c 

Rg. 1e is a cross-secb'onal illustration of the pressurization of the region below 
the expansion corie of the apparatus of Fig. 1d. 
30 Fig. If is a cross-sectional illustration of the continued pressurization of the 

region below the expansion cone of the apparatus of Rg. 1e. 

Fig. 1g is a cross-sectional illustration of the continued pressurizatfon of the 
region below the expansion cone of the apparatus of Rg. 1f following the removal of 
the over-expansion sleeve. 


Fig. 1h is a cross-secUonal illustration of the completion of the radial expansion 
of the expandable tutnjiar memt)er of the apparatus of Fig. 1g. 

Fig. 1i is a cross-sectional illustration of the drilling out of a new section of the 
wellbore t)elow the apparatus of Fig. 1 h. 
5 Fig. 1j is a cross-sectional illustration of the radial expansion of another 

expandable tubular member that overlaps with the apparatus of Fig. 1t. 

Fig. Ik is a cross-sectional illustration of the secondary radial expansion of the 
other expandable tubular member of the apparatus of Fig. 1 1. 

Fig. II is a cross-sectional illustration of the completion of the secondary radial 
10 expansion of the other expandable tubular memt>er of Fig. Ik to form a mono-diameter 
wellbore casing. 

Fig. 2a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 2b is a cross-sectional iilustratk)n of the placement of an embodiment of an 
1 5 apparatus for radially expanding a tubular member into the wellbore of Fig. 2a. 

Fig. 2c is a cross-sectional illustration of the injection of fluMic materials through 
the apparatus of Fig. 2b. 

Rg. 2d is a cross-sectional illustration of the injectk>n of hardenable fluidic 
sealing materials through the apparatus of Fig. 2c. 
20 Fig. 2e is a cross-secttonal illustration of the predsudzation of the region below 

the expansion oorie of the apparatus of Fig. 2d. 

Fig. 2f is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 2e. 

Fig. 2g is a cross-sectional illustration of the completion of the radial expansion 
25 of the expandable tubular member of the apparatus of Fig. 2f. 

Fig. 2h is a cross-sectional illustration of the drilling out of a new section of the 
wellbore below the apparatus of Fig. 2g. 

Fig. 2i is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overiaps with the apparatus of Fig. 2h. 
30 Fig. 2j is a cross-sectional illietration of the secondary radial expanston of the 

other expandable tubular member of the apparatus of Fig. 2i. 

Fig. 2k is a cross-sectional illustration of the completion of the secondary radial 
expanston of the other expandable tubular member of Fig. 2j to form a mono-diameter 
wellbore casing. 


12 


Rg. 3 is a cross-sectional illustration of the apparatus of Fig. 2b illustrating the 
design and constniction of the over-expansbn insert. 

Fig. 3a is a cross-sectional illustration of an alternative embodiment of the over- 
expansion insert of Rg. 3. 
5 Fig. 4 is a cross-sectional illustration of an alternative embodiment of the 

apparatus of Fig. 2b including a resilient hook for retrieving the over-expansion insert 

Fig. 5a is a cross-sectional illustration of a wellk>ore including a preexisting 
wellbore casing. 

Rg. 5b is a cross-sectional illustration of the formation of a new section of 
10 weDbore casing in the wellbore of Fig. 5a. 

Rg. 5c is a fragmentary cross-sectional illustration of the placement of an 
inflatable bladder into the new section of the wellbore casing of Fig. 5b. 

Rg. 5d is a fragmentary cross-sectional illustration of the inflation of the 
inflatable bladder of Fig. Sc. 
15 Rg. 5e is a cross-sectional illustration of the new section of wellbore casing of 

Fig: 5d after over-expansion. 

Rg. 5f is a cross-sectional illustratbn of the new section of wellbore casing of 
Fig. 5e after drilling out a new section of the wellbore. 

Rg. 5g is a cross-sectional illustration of the formation of a mono-diameter 
20 wellbore casing that includes the new section of tiie wellbore casing and an additional 
section of wellbore casing. 

Fig. 6a is a cross-sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 6b Is a cross-sectional illustration of the formation of a new section of 
25 wellbore casing in the wellbore of Fig. 6a. 

Fig. 6c is a fragmentary cross-sectional illustration of the placement of a roller 

radial expansion device into the new section of the wellbore casing of Fig. 6b. 

Fig. 6d is a cross-sectional illustration of the new section of wellbore casing of 
Rg. 6c after over-expansion. 
30 Fig. 6e is a cross-sectional illi^tration of the riew section of wellbore casing of 

Rg. 6d after driUing out a new section of the wellt>ore. 

Fig. 6f is a cross-sectional iilustration of the fomnation of a mono-diameter 
wellbore casing that includes the new section of the wellbore casing and an additional 
section of wellbore casing. 
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Rg. 7a is a cross sectional illustration of a wellt>ore including a preexisting 
wellbore casing. 

Fig. 7b is a cross-sectional illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. 7a. 
5 Rg. 7c is a cross-sectional illustration of the injection of fluidic materials through 

the apparatus of Fig. 7b. 

Fig. 7d is a cross-sectional illustration of the injection of hardenable fluidic 
sealing niaterials through the apparatus of Fig. 7c. 

Rg. 7e is a cross-sectional illustration of the pressurization of the region below 
10 the expansion cone of the apparatus of Fig. 7d. 

Fig. 7f is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 7e. 

Fig. 7g is a cross-sectional illustration of the completion of the radial expansion 
of the expandable tubular member of the apparatus of Fig. 7f. 
1 5 Fig. 7h Is a cross-sectional illustration of the drilling out of a new section of the 

wellbore below the apparatus of Fig. 7g. 

Fig. 7i is a cross-sectional illustration of the completion of the radial expansion 
of another expandable tubular member to fonm a mono-diameter wellbore casing. 
Fig. 8a is cross-sectional illustration of an wellbore including a preexisting 
20 section of wellbore casing having a recessed portion. 

Fig. 8b is a cross-sectional illustration of the placement of an apparatus for 
radially expanding a tubular member within the wellbore of Fig. 8a. 

Fig. 8c is a cross-sectional illustration of the injection of fluidic materials through 
the apparatus of Fig. 8b. 
25 Fig. 8d is a cross-sectional illustration of the injection of a hardenable fluidic 

sealing material through the apparatus of Fig. 8c. 

Fig. 8e is cross-sectional illustration of the isolation of the region bebw the 
expansion cone and within the expansion cone launcher of the apparatus of Rg. 8d. 
Fig. 8f is a cross-sectional illustration of the plastic deformation and radial 
30 expansion of the upper portion of the expandable tubular member of the apparatus of 
Fig. 8e. 

Fig. 89 is a cross-sectional illustration of the removal of the upper expansion 
cone from the wellbore of flg. 8f. 
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Fig. 8h is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 8g to thereby plastically 
defomi and radially expand the expansion cone launcher and expandable tubular 
member. 

5 Fig. Bi Is a cross-sectional illustration of the completion of the initial radial 

expansion process of Vhe apparatus of Rg. 8h. 

Rg. 8j Is a cross-sectional illustration of the further radial expansion of the 
apparatus of Rg. 8i in order to fonm a mono-diameter wellbore casing. 

Rg. 9a is a cross-sectional illustration of a wellbore including upper and lower 
10 preexisting wellbore casings that are separated by an axial gap. 

Fig. 9b is a cross-sectional illustiation of tfie coupling of a hjbular member to 
the opposing ends of the wellbore ca^'ngs of Rg. 9a, 

Fig. 9c is a fragmentary cross-sectional illustration of the placenrtent of a radial 
expansion device into Uie tubular member of Fig. 9b. 
IS Fig. 9d is a fragmentary cross-sectional iilustaBtion of tiie actuation of the radial 

expansion device of Fig. 9c. 

Fig. 9e is a cross-sectional of a mono-diameter wellbore casing generated by 
the actuation of the radial expansion device of Fig. 9d. 

Fig. 10 is a cross-sectional illustration of a mono<iianr)eterwellbcHB casing that 
20 includes a plurality of layers of radially expanded tubular members along at least a 
portion of the its lengtti. . 

Fig. 1 la is a cross-sectional illustration of a wellbore including a casing fommed 
by plastically defomiing and radially expanding a first tubular member. 

Fig. 1 lb is a cross-sectional illustration of a wellbore including another casing 
25 coupled to the preexisting casing by plastically deforming and radially expanding a 
second tubular member. 

Fig. 11c is a cross-secBonal illustration of a monn-diamfttAr wftHhn r^ r^^^inj 

fomied by radially expanding ttie seoond tubular member a second time. 

Detailed Description 

30 Several embodiments of mettiods and apparatus for fomning a mono-diameter 

wellbore casing are disclosed. In several alternative embodiments, the methods and 
apparatus nnay be used for form or repair mono-diameter wellbore casings, pipelines, 
or structural supports. FurUiemnore, while the present illustrative embodiments are 
described with reference to ttie formation of mono-diameter wellbore casings, the 
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teachings of the present disclosure have general application to the fonnation or repair 
of wiellt)ore casings, pipelines, and structuralsupports. 

Referring initially to Fig. la, a wellbore 10 includes a preexisting welltiore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to the 
5 horizontal. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the wellbore 10 using any number of conventional methods. In a preferred 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
following: (1) U.S. patent application serial no. 09/454,139, attomey docket ho. 

10 25791.03.02. filed on 12/3/1999. (2) U.S. patent application serial no. 09/510,913, 
attomey docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502,350, attomey docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
applfcatfon serial no. 09/440,338, attomey docket no. 25791.9.02, filed on 11/16/1999, 
(5) U.S. patent application serial no. 09/523,460, attomey docket no. 25791.1 1.02. filed 

15 on 3/1 W2000, (6) U.S. patent applicaUon serial no. 09/51 2,895, attomey docket no. 
25791.12.02. filed on 2/24/2000. (7) U.S. patent application serial no. 09/51 1,941, 
attomey docket no. 25791.16.02. filed on 2/24/2000, (8) U.S. patent application serial 
no. 09/588.946, attomey docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent 
applicatton serial no. 09/559.122, attomey docket no. 25791 .23.02. filed on 4/26/2000, 

20 (10) PCT patent applicatkm serial no. PCT/USOO/18635. attomey docket no. 
25791.25.02, filed on 7/9/2000. (11) U.S. provisional patent application serial no. 
60/162.671, atlomey docket na 25791.27, filed on 11/1/1999, (12) U.S. provisional 
patent application serial no. 60/154.047. attomey docket no. 25791.29, filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082. attomey 

25 docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent applicatksn serial 
no. 60/159,039, attomey docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 60/159.033. attomey docket no. 25791.37. filed 

on 10/12/1999, (16) U.S. provisional patent application serial no. , 

attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent 

30 applicatkm serial no. 60/165,228* attomey docket no. 25791 .39, filed on 1 1/1 2/1 999, 

(18) U.S. provisional patent application serial no. . attorn^ docket no. 

25791.45, filed on 7/28/2000, (19) U.S. pr6viskinal patent application serial no. 

. attomey docket no. 25791.46, filed on 7/28/2000. and (20) U.S. 

provisional patent application serial na , attorney docket no. 25791 !47. 
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filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 
More generally, the preexisting wellbore casing 15 nnay be coupled to another 
preexisting wellbore casing arkl/or may include one or more concentrically positioned 
tubular members. 

5 Referring to Fig. lb, an apparatus 100 for radially expanding a tubular member 

may then be positioned within the wellbore 10. The apparatus 100 includes a tubular 
support memt)er 105 defining a passage 110 for oonveyirtg fluidic materials. An 
expansion cone 115 defining a passage 120 and having an outer conical surface 125 
for radially expanding tubular members is coupled to an end of the tubular support 

10 member 105. An annular conical over-expansion sleeve 130 mates with and is 
removably coupled to the outer conical surface 125 of the expansion cone 115. In 
several attemative embodiments, the over-expansion sleeve 130 is fabricated from 
frangible materials such as, for example, oeramio materials, in order to facilitate the 
removal of the over-expansion sleeve during operation of the apparatus 100. In this 

15 manner, the amount of radial expansion provided by \he apparatus may be decreased 
following the removal of the over-expansion sleeve 130. 

An expansion cone launcher 135 is movably coupled to and supported by the 
expansion cone 115 and the over-expansion sleeve 130. The expansion cone 
launcher 135 Include an upper portion having an upper outer diameter, an intermediate 

20 portion that mates with the expansion cone 115 and the over-expansion sleeve 130, an 
a lower portion having a lower outer diameter. The lower outer diameter is greater than 
the upper outer diameter. A shoe 140 defining a valveable passage 145 is coupled to 
the lower portion of the expansion cone launcher 135. In a preferred embodiment, the 
valveable passage 145 may be controllably dosed in order to fluididy isolate a regton 

25 1 50 below the expansion cone 115 and bounded by the lower portion of the expansion 
cone launcher 135 and the shoe 140 from the region outside of the apparatus 100. 

■ An e xpand a b le tubular member 155 Is coupled to the upper port io n o f the 

expansion cone launcher 135. One or more sealing members 160a and 160b are 
coupled to the exterior of the upper portion of the expandable tubular member 155. In 

30 several alternative embodiments, the sealing members 160a and 160b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 160a and 160b. 
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In a preferred embodiment, the support member 105, the expansion cone 115, 
the expansion cone launcher 135, the shoe 140, and the expandable tubular member 
1 55 are provided sut)stantially as disclosed in one or more of the fdlowing: (1) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791 .03.02, filed on 
5 12/3/1999, (2) U.S. patent application serial no. 09/510.913. attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350. 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440.338, attorney docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attomey docket no. 25791.11.02, filed on 3/10/2000, 

10 (6) U.S. patent application serial no. 09/512,895, attomey docket no. 25791. 1Z02, filed 
on 2/24/2000, (7) U.S. patent application serial no. 09/51 1 ;941 , attomey docket no. 
25791.16.02. filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946. 
attomey docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent application serial 
no. 09/559,122. attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent 

1 5 applicatfon serial no, PCT/USOO/18635. attomey docket no. 25791.25.02. filed on 

7/9/2O0O, (11) U.S. provisional patent application serial no. 60/162,671. attomey docket 
no. 25791.27, filed on 11/1/1999, (12) U.S. provisional patent application serial no. 
60/154.047, attomey docket no. 25791.29, filed on 9/16/1999. (13) U.S. provistonal 
patent applicatton serial no. 60/1 59,082, attomey docket no. 25791 .34, filed on 

20 10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attomey 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provistonal patent application serial 
no. 60/159.033, attomey docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent application serial no. , attomey docket no. 

25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 

25 60/165,228, attomey docket no. 25791.39. filed on 11/12/1999. (18) U.S. provistonal 

patent application serial no. , attomey docket no. 25791.45, filed on 

7/28/2000, (19) U.S. provisional patent application serial no. , attomey 

docket no. 25791.46, filed on 7/28/2000. and (20) U.S. provisional patent application 
serial no. . attomey docket no. 25791.47, filed on 9/18/2000, the 

30 disclosures of which are incorporated herein by re^ference. 

As illustrated in Fig. lb, in a preferred embodiment, during placement of the 
apparatus 100 within the wellbore 10, fluidic materials 165 within the wellbore 10 are 
conveyed through the apparatus 100 through the passages 110, 120 and 145 to a 
location above the apparatus 100. In this manner, surge pressures during placement 
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of the apparatus 100 within the welltx)re 10 are reduced. In a preferred embodiment, 
the apparatus 1 00 is initially positioned within the wellt>ore 10 such that the top portion 
of the tubular member 155 overlaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 155 may be radially expanded into 

5 contact with and coupled to the preexisting casing 1 5. As will be recognized by 
persons having ordinary skill In the art, the precise initial position of the expandable 
tubular member 155 will vary as a funcBon of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
expandable tubular member. 

10 As illustrated In Fig. 1c, a fluldic material 170 may then be injected through the 

apparatus 100 through tfie passages 110, 120. and 145 in order to test the proper 
operation of these passages. 

As illustrated in Fig. 1d, a hardenable fluidic sealing material 175 may then be 
injected through the apparatus 100 through the passages 110, 120 and 145 into the 

15 annulus between the apparatus and the wellbore 10. In this manner, an annular bamer 
to fluid migration into and out of the wellbore 10 may be fonrried around the radially 
expanded expanston cone launcher 135 and expandabte tubular member 155. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
several alternative embodiments, the injectton of the hardenable fluidic sealing nnaterial 

20 1 75 may be omitted. In several attemative embodiments, the hardenable fluidic sealing 
material 175 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 1e, a non-hardenable fluidic material 180 may then be 
injected Into the apparatus through the passages 110 and 120. A ball plug 185, or 
other similar device, may then be injected with the fiuidic material 180 to thereby seal 

25 off the passage 145. In this manner, the regton 150 may be pressurized by the 
continued injection of the fluMic material 180 into the apparatus 100. 

'. As illustrated in Fig. If, the continued injection of the fluidic material 180 Into the 

apparatus 100 causes the expansion cone launcher 135 and expandable tubular 
member 1 55 to be plastteally defomned and radially expanded off of the over-expansion 

30 sleeve 1 30. In this manner, the expansion cone 1 1 5 and over-expansion sleeve 1 30 
are displaced relative to the expansion cone launcher 135 and expandable tubular 
member 155 in the axial direction. 

After a predetemnined time period and/or after a predetermined axial 
displacement of the expansion cone 115 relative to the expansion cone launcher 135 
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and expandable tubular member 155, the over-expansion sleeve 130 may be removed 
from the outer conical surface 1 25 of the expansion cone 1 1 5 by the application of a 
predetermined upward shock bad to the support nr«mt>er 105. In a preferred . 
embodinDent, the shock load causes the frangible over-es^nston sleeve 130 to 

5 fracture into small pieces that are then forced off of the outer conical surface 125 of 
the expansion cone 115 by the continued pressurization of the regbn 150. In a 
prefenred embodiment, the pieces of the over-expansion sleeve 130 are pulverized into 
grains of material by the continued pressurization of the region 150. 

Referring to Fig. 1g, following the removal of the frangible over-expansion 

10 sleeve 1 30, the continued pressurization of the region 1 50 causes the expandable 
tubular member 155 to be plastically defomned and radially expanded and extruded off 
of the outer conical surface 125 of the expansion cone 115. Note that the amount of 
radial expansion provided by the outer conical surface 125 of expansion cone 1 15 is 
less than the amount of radial expansion provided by the combination of the over- 

1 5 expansion sleeve 1 30 and the expansion cone 115. in this manner, as illustrated in 
Fig. 1h, a recess 185 is fomrted in the radially expanded tubular member 155. 

After completing the plastic defomiation and radial expansion of the tubular 
member 1 55, the hardenable fluidic sealing material is allowed to cure to thereby form 
an annular body 190 that provides a barrier to fluid flow into or out of the wellbore 10. 

20 Refening to Rg. 1 i. the shoe 140 may then removed by drilling out ttie shoe 

using a conventtonal drilling device. A new sectton of the wellbore 10 may also be 
drilled out in order to penmit additional expandable tubular members to be coupled to 
the bottom portion of the plastically defomned and radially expanded tubular member 
155. 

25 Refening to Rg. 1j. a tubular member 200 may then be plastically defomned 

and radially expanded using any number of conventfonal methods of radially expanding 
a tubular member. In a preferred embodiment, the upper portion of the radially 
expanded tubular member 200 overiaps with and mates with the recessed portion 185 
of the tubular member 155. In a prefen^d embodiment, one or more sealing members 

30 205 are coupled to the exterior surface of the upper portion of the tubular member 200. 
In a preferred embodiment, the sealing members 205 seal the interface between the 
upper portion of the tubular member 200 and the recessed portion 185 of the tubular 
member 155. In several altennative embodimentSt the sealing membere 205 may 
include elastomeric elements and/or metallic elements and/or composite elements. In 


several alternative embodiments, one or more anchoring elennents may substituted for, 
or used in addition to, the sealing members 205. In a preferred embodiment, an 
annular body 210 of a hardenabte fluidic sealing material is also formed around the 
tubular member 200 using one or nrK)re conventional nnethods. 
5 In a preferred embodiment, the tubular niember 200 is plastically deformed and 

radially expanded, and the annular body 210 is fomried using one or wore of the 
apparatus and methods disclosed in the following: (1) U.S. patent application serial no. 
09/454.139, attorney dodcet no, 25791.03.02, filed on 12/3/1999. (2) U.S. patent 
appHcation serial no. 09/510,913, attorn^ docket no. 25791 .7.02, filed on 2/23/2000, 

10 (3) U.S. patent application serial no. 09/502,350. attorney docket no. 25791 .8:02, fded 
on 2/10/2000, (4) U.S. patent application serial no. 09/440.338, attorney docket no. 
25791.9.02, filed on 11/15/1999. (5) U.S. patent application serial no. 09/523,460. 
attorney docket no, 25791.11.02. filed on 3/10/2000, (6) U.S. patent application serial 
no. 09/512,895, attorney dod(et no. 25791.12.02. filed on 2/24/2000. (7) U.S. patent 

15 application serial no. 09/511.941. attorney docket no. 25791.16.02. filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588,946. attorney docket no. 25791.17.02. filed 
on 6/7/2000. (9) U.S. patent application serial no. 09/559.122. attorney docket no. 
25791 .23.02. filed on 4/26/2000. (10) PCT patent application serial no. 
PCTAJSOO/18635. attorney docket no. 25791 .25.02. filed on 7/9/2000. (1 1) U.S. 

20 provisional patent application serial no. 60/162,671 . attorney docket no. 25791.27, filed 
on 11/1/1999, (12) U.S. provisional patent applicatfon serial no. 80/154,047, attorney 
docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159.082. attorney docket no. 25791.34. filed on 10/12/1999. (14) U.S. 
provisfonal patent applteatton serial no. 60/159,039, attorney docket no. 25791.36, filed 

25 on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159.033, attomey 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent appBcation serial 

no. . attdm e v docket no. 25791 , 38 , filed on 6/19/2000 . (17) U S 

provistonal patent applicatkjn serial no. 60/165,228. attomey docket no. 25791.39, filed 
on 11/12/1999. (18) U.S. provfeional patent application serial no. , 

30 attomey docket no. 25791 .45. filed on 7/28/2000. (1 9) U.S. provisional patent 

applfcatfon serial no. , attomey docket no. 25791.46, filed on 7/28/2000. 

and (20) U.S. provisional patent application serial no. , attomey docket 

no. 25791.47, filed on 9/18/2000. the disclosures of vkrtiich are incorporated herein by 
reference. 
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In an alternative emtxxliment, the annular body 210 may be omitted. In several 
alternative embodiments, the annular body 210 may be radially compressed before, 
during and/or after curing. 

Referring to Fig. 1k. an expansion cone 215 may then be driven in a downward 

5 direction by fluid pressure and/or by a support member 220 to plastically deform and 
radially expand the tubular member 200 such that the interior diameter of the tubular 
members 155 and 200 are substantially equal. In this rr^nner, as illustrated in Rg. II. 
a mono-diameter wellbore casing n^y be formed. 

Referring to Figs. 2a and 2b, in an alternative embodiment, an apparatus 300 

10 for radially expanding a tubular member may then be positioned within the wellbore 10. 
The apparatus 300 includes a tubular support member 305 defthing a passage 310 for 
conveying fluidic materials. An expansion cone 315 defining a passage 320 and 
having an outer conical surface 325 for radially expanding tubular members is coupled 
to an end of the tubular support member 305. An annular conical over-expansion 

15 insert 330 mates with and is removably coupled to the outer conical surface 325 of the 
expansion cone 315. 

An expansion cone launcher 335 Is movably coupled to and supported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone launcher 
335 indudes an upper portion having an upper outer diameter, an intermediate portion 

20 that mates with the expansion cone 315 and the over-expansion insert 330, an a lower 
portion having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter. A shoe 340 defining a valveable passage 345 is coupled to the 
lower portion of the expansion cone launcher 335. In a preferred embodiment, the 
valveable passage 345 may be controllably closed in onjer to fluidlciy isolate a region 

25 350 below the expansion cone 31 5 and bounded by the lower portion of the expansion 
cone launcher 335 and the shoe 340 from the region outside of the apparatus 300. 

In a preferred embodiment, as illustrated in Fig. 3, the over-expansion insert 
330 includes a plurality of spaced-apart arcuate inserts 330d, 330b, 330c and 330d that 
are positioned between the outer conical surface 325 of the expansion cone 315 and 

30 the inner surface of the intermediate portion of the expansion cone launcher 335. In 
this manner, the relative axial displacement of the expansion cone 315 and the 
expansion cone launcher 335 will cause the expansion cone to over-expand the 
intenrnediate portion of the expansion cone launcher. In this manner, a reo^ may be 
fonmed in the radially expanded expansion cone launcher 335. In several altemative 
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embodiments, the inserts 330a» 330b, 330c, and 330d fall out of the recess and/or are 
removed from the recess using a conventional retrieval tool upon the completion of the 
radial expansion process. 

In an alternative embodiment, as illustrated in Fig. 3a, the over expansion insert 

5 330 furttier includes intemnediate resilient members 331a. 331 b, 331c, and 331d for 
resiliently coupling the inserts 330a, 330b, 330c, and 330d. In this manner, upon the 
completiori of the radial expansion process, the resilient force exerted by the resilient 
members 331 causes the over-expansion insert to collapse in the radial direction and 
thereby fell out of the recess. 

10 An expandable tubular nriember 355 is coupled to the upper portion of the 

expansion cone launcher 335. One or more sealing members 360a and 360b are 
coupled to the exterior of the upper portion of the expandable tubular member 355. In 
several alternative embodiments, the sealing members 360a and 360b rhay include 
eiastomeric elements and/or metallic elements and/or composite elements. In several 

15 altemative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 360a and 360b. 

In a prefen^ embodiment, the support member 305, the expansion cone 315, 
the expansion cone launcher 335, the shoe 340, and the expandable tubular member 
355 are provided substantially as disclosed in one or more of the following: (1) U.S. 

20 patent application serial no. 09^454,139, attorney docket no. 25791.03.02. filed on 
12/3/1999, (2) U.S. patent application serial no. 09/510,913, attomey docket no. 
25791.7.02, filed on 2Q3/2000, (3) U.S. patent application serial no. 09/502,350. 
attomey docket no. 25791 .8.02, filed on 2/1 0/2000, (4) U.S. patent applicatfon serial 
no. 09/440.338, attomey docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent 

25 application serial no. 09/523.460. attomey docket no. 25791 .1 1 .02, filed on 3/10/2000, 
(6) U.S. patent application serial no, 09/512,895, attomey docket no. 25791.12.02, filed 

on 2/24/2000, (7) U,S, patent application serial nn 09/51 1 ,941 , attomey docket nOt 

25791.16.02, filed on 2/24/2000. (8) U.S. patent application serial no. 09/588.946, 
attomey docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent application serial 

30 no. 09/559.122, attomey docket no. 25791.23,02. filed on 4/26/2000. (10) PCT patent 
application serial no. PCT/USOO/1 8635, attonmey docket no. 25791 .25.02. filed on 
7/9/2000. (11) U.S. provisional patent application serial no. 60/162,671, attomey docket 
no. 25791.27, filed on 11/1/1999. (12) U.S. provisional patent application serial no. 
60/154.047. attomey docket no. 25791.29, filed on 9/16/1999. (13) U.S. provisional 
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patent application serial no. 60/1 59,082. attorney docket no. 25791 .34, filed on 
10/12/1999. (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791 .36, filed on 10/12/1999. (15) U.S. provistonal patent applicatton serial 
no. 60/159.033, attorney docket no. 25791.37, filed on 10/12/1999. (16) U.S. 

5 provistonal patent application serial no. , attorney docket no. 

25791.38, Filed on 6/19/2000. (17) U;S. provisional patent applicatk)n serial no. 
60/165.228. attorney docket no. 25791.39, filed on 1 1/12/1999. (18) U.S. provisional 

patent application serial no. • , attorney dodcet no. 25791 .45, filed on 

7/28/2000. (19) U.S. provisional patent application serial no. , attorney 

10 docket no, 25791 .46. filed on 7/28/2000, and (20) U.S. provisional patent application 

serial no. , attorney docket no. 25791 .47. filed on 9/18/2000. the 

disclosures of which are incorporated herein by reference. 

fis illustrated in Fig. 2b, In a prefen^ed embodiment, during placement of the 
apparatus 300 within, the welibore 10. fluidic materials 365 within the wellbore 10 are 

15 conveyed through the apparatus 300 through the passages 310. 320 and 345 to a 
locatton above the apparatus 300. In this manner, surge pressures during placement 
of the apparatus 300 within the wellbore 10 are reduced. In a preferred embodiment, 
the apparatus 300 is initialiy position^ within the wellbore 10 such that the top portton 
of the tubular member 355 overiaps with the preexisting casing 15. In this manner, the 

20 upper portion of the expandable tubular member 355 may be radially expanded into 
contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art. the precise initial position of the expandable 
tubular member 355 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expanston, and the material properties of the 

25 expandable tubular member. 

As illustrated In Fig. 2c. a fluidic rhaterial 370 may then be injected through the 
apparatus 300 through the passages 310, 320. and 345 in order to test the proper 
operatton of these passages. 

As illustrated in Fig. 2d, a hardenable fluidic sealing material 375 may then be 

30 injected through the apparatus 300 through the passages 310. 320 and 345 into the 
annulus between the apparatus and the wellbore 10. in this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be fomned around the radially 
expanded expansion cone launcher 335 and expandable tubular member 355. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
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several altemative embodiments, the injection of the hardenable fluidic sealing material 
375 may be omitted. In several altemative embodiments, the hardenable fluidic sealing 
material 375 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 2e. a non-hardenable fluidic material 380 may then be 

5 injected into the apparatus through the passages 310 and 320. A ball plug 385, or 
other similar device, may then be injected with the fluidic material 380 to thereby seal 
off the passage 345. In this manner, the region 350 may be pressurized by the 
continued injection of the fluidic material 380 into the apparatus 300. 

As illustrated in Fig. 2f, the continued injectton of the fluidic material 380 into the 

10 apparatus 300 causes the expansion cone launcher 335 to be plastically deformed and 
radially expanded off of the over-expansion insert 330. In this manner, the expansion 
cone 315 is displaced relative to the expansion cone launcher 335 and expandable 
tubular memt>er 355 in the axial direction. 

Once the radial expansion process has progressed beyond the over-expansion 

15 insert 330, the radial expansion of the expansion cone launcher 335 and expandable 
tubular memt)er 355 is provided solely by the outer conical surface 325 of the 
expansion cone 315. Note that the amount of radial expansion provided by the outer 
conical surface 325 of expansion cone 315 Is less than the amount of radial expansion 
provided by the combination of the over-expansion insert 330 and the expansion cone 

20 315. In this manner, as illustrated in Fig. 2g, a recess 390 is fonmed in the radially 
expanded tubular member 355. 

In several altemative embodiments, the over-expansion insert 330 is removed 
from the recess 390 by falling out and/or removal using a conventional retrieval tool. In 
an altemative embodiment, the resilient force provided by ttie resilient members 331a, 

25 331b, 331c, and 331d cause the hsert 330 to collapse in the radial direction and 

thereby fall out of the recess 390. In an altemative embodiment, as illustrated in Fig. 4. 

on e or mor e re sili ent hooks 3 95 a and 395 b are c oupled to the bottom of ttie expansion 

cone 31 5 for retrieving ttie over-expansion insert 330 during or after tiie completion of 
the radial expansion process. 

30 After competing the plastic deformation and radial expansion of the tubular 

member 355, the hardenable fluidic sealing material is allowed to cure to thereby form 
an annular body 400 that provides a banier to fluid flow into or out of the wellbore 10. 

Referring to Fig. 2h, the shoe 340 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
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drilled out in order to permit additional expandable tubular members to be coupled to 
the bottom portion of the plastically deformed and radially expanded tubular member 
355. 

Referring to Fig. 2j, a tubular mOTiber 405 may then be plastically deformed 
5. and radially expanded using any number of oonventional methods of radially expanding 
a tubular member. In a prefenred embodiment, the upper portion of the radially 
expanded tubular member 405 overlaps with and mates with the recessed portion 390 
of the tutHJlar member 355. In a prefenred embodiment, one or more sealing members 
410 are coupled to the exterior surface of the upper portion of the tubular member 405. 

10 In a preferred embodiment, the sealing members 41 0 seal the interface between the 
upper portion of the tubular member 405 and the recessed portion 390 of the tubular 
member 355. In several alternative embodiments, the sealing members 410 may 
include elastomeric elements and/or metallic elenr^ents and/or composite elements. In 
several altemative embodiments, one or more anchoring elements may substituted for, 

15 or used in addition to, the sealing members 410. In a preferred embodiment, an 
annular body 415 of a hardenable fluidic sealing material is also formed around the 
tubular mernber 405 using one or more conventional methods. 

In a preferred embodiment, the tububr rnember 405 is plastically deformed and 
radially expanded, and the annular body 415 is formed using one or more of the 

20 apparatus and methods disclosed in the following: (1) U.S. patent application serial no. 
09/454,139. attomey docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 
application serial no. 09/510,913, attomey docket no. 25791.7.02. filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502,350, attomey docket no. 25791.8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440,338. attomey docket no. 

25 25791.9.02. filed on 11/15/1999, (5) U.S. patent application serial no. 09/523,460, 
attomey docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent application serial 
no. 09/512,895. attomey docket no. 25791.12.02, filed on 2/24/2000. (7) U.S. patent 
application serial no. 09/51 1,941, attomey docket no. 25791.16.02, filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588,946, attomey docket no. 25791 .17.02, filed 

30 on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney docket no. 
25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 
provisional patent application serial no. 60/162,671, attomey docket no. 25791.27. filed 
on 11/1/1999. (12) U.S. provlstonal patent application serial no. 60/154,047, attomey 
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docket no. 25791 .29, filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159.082, attorney docket no. 25791.34. filed on 10/12/1999, (14) U.S. 
provisional patent application serial no. 60/159,039. attorney docket no. 25791.36. filed 
on 10/12/1999, (15) U.S. provistonal patent appllcatfon serial no. 60/159,033, attorney 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provistonal patent application serial 

fK). , attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed 

on 11/12/1999. (18) U.S. provisional patent applicatton serial no. . 

attorney docket no. 25791.45. filed on 7/28/2000, (19) U.S. provisional patent 

application serial no. , attorney docket no. 25791 .46, filed on 7/28/2000. 

and (20) U.S. provisional patent application serial no. , attorney docket 

no. 25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. 

In an alternative embodiment, the annular body 415 may be omitted. In several 
alternative embodiments, the annular body 415 may be radially compressed before, 
during and/or after curing. 

Refem'ng to Fig. 2j. an expansion cone 420 may then be driven in a downward 
direction by fluid pressure and/or by a support member 425 to plastically defomi and 
radially expand the tubular member 405 such that the interior diameter of the tubular 
members 355 and 405 are substantlalty equal. In this manner, as Illustrated In Fig. 2k, 
a mono-diameter wellbore casing may be formed. 

Refening to Rgs 5a-5b, in an attemative embodiment, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluldic sealing material 510 may also be 
formed around the tubular member 500 using any number of conventional methods. In 
a pr e f e rred embodiment, the tubu la r member 500 is pl a st i cally rieformftri and radia ll y 
expanded and the annular body 510 is formed using one or more of the methods and 
apparatus disclosed in one or more of the following: (1 ) U.S. patent application serial 
no. 09/454.139. attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 
application serial no. 09/510.913. attorney docket no. 25791.7.02, filed on 2/23/2000. 
(3) U.S. patent application serial no, 09/502,350. attomey docket no. 25791 .8.02, filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440.338. attomey docket no. 
25791.9.02. filed on 11/15/1999, (5) U.S. patent application serial no. 09/523,460. 
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attorney docket no. 25791.1 1.02, fSed on 3/10/2000, (6) U.S. patent application serial 
no. 09/512,895. attorney docket no. 25791.12.02, filed on 2/24/2000. (7) U.S. patent 
application serial no. 09/51 1 ,941. attorney docket no. 25791.16.02. filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588.946. attorney docket no. 25791.17.02, filed 
5 on 6/7/2000, (9) U.S. patent application serial no. 09/559.122, attorney docket no. 
25791.23.02, filed on 4/26/2000. (10) PCT patent application serial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02. filed on 7/9/2000. (11) U.S. 
provisional patent application serial no. 60/162,671. attorney docket no. 25791.27, filed 
on 1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney 

10 docket no. 25791 .29, filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. 
provisional patent application serial no. 60/159,039. attorney docket no. 25791.36. filed 
on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. provisional patent application serial 

1 5 no. , attorney docket no. 25791 .38, filed on 6/1 9/2000, (1 7) U.S. 

provistonal patent application serial no. 60/165,228, attorney docket no. 25791.39, filed 

on 1 1/12/1999. (18) U.S. provisional patent application serial no. . 

attorney docket no. 25791.45. filed on 7/28/2000, (19) U.S. provisional patent 
appKcatton serial no. . attorney docket no. 25791.46, filed on 7/28/2000, 

20 and (20) U.S. provisional patent application serial no. , attorney docket 

no. 25791 .47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
referenoe. 

In several alternative embodiments, the annular body 510 may be omitted or 
may be compressible before, during, or after curing. 
25 Refening to Figs. 5c and 5d, a conventional inflatable bladder 515 may then be 

positioned within the tubular member 500 and inflated to a sufTicient operating pressure 
to plastically defomn and radially expand a poriion of the tubular member to thereby 
fomn a recess 520 in the tubular member. 

Refening to Figs. 5e and 5f, the inflatable bladder 515 may then be removed 
30 and the shoe 505 drilled out using a conventional drilling device. 

Referring to Fig. 5g, an additional tubular member 525 may then be plastically 
deformed and radially expanded in a conventtonal manner and/or by using one or more 
of the methods and apparatus described above in order to form a monoKliameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
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525. an annular body 530 of.a fluidic sealing material .may be fomned around the 
tubular member in a conventional manner and/or by using one or more of ttie m^ods 
arid apparatus described above. 

In several alternative embodinwnts, the inflatable bladder 515 may be coupled 

5 to the bottom of an expansiOT cone in order to pennit the over-expansion process to be 
performed during the radial expansloh process Implemented using ttie expansion cone. 

Referring to Figs 6a-6b, in an alternative embodiment, a tubular member 600 
having a shoe 605 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting sectton of wellbore casing 1 5 using any number of 

1 0 conventional methods. An annular body of a fluidic sealing material 610 may also be 
formed around the tubular member 600 using any number of conventional methods. In 
a prefened embodiment, the tubular member 600 is plastically deformed and radially 
expanded and the annular body 610 is fom^ using one or more of the methods and 
apparatus disclosed In one or more of the following: (1) U.S. patent application serial 

15 no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913, attorney dodtet no. 25791.7.02. filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502,350, attorney docket no. 25791.8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791 .9.02. filed on 1 1/15/1999. (5) U.S. patent application serial no. 09/523.460. 

20 attorney docket no. 25791.1 1.02. filed on 3/10/2000. (6) U.S. patent applteatton serial 
no. 09/512,895. attorney docket no. 25791.12.02, filed on 2^4/2000. (7) U.S. patent 
appGcatton serial no. 09/51 1 ,941 . attorney docket no. 25791 .16.02. filed on 2/24/2000. 
(8) U.S. patent applk;ation serial no. 09/588,946. attorney docket no. 25791.17.02, filed 
on 6/7/2000. (9) U.S. patent applkation serial no. 09/559.122. attorney docket na 

25 25791 .23.02. filed on 4/26/2000, (10) PCT patent application serial no. 

PCTAJSOO/18635. attorney docket no. 25791.25.02. filed on 7/9/2000. (11) U.S. 
prov is ioniil p^t^ * ^p pliratinn sRrial nn 60/162.671. attomey docket no. 25791.27. filed 
on 11/1/1999, (12) U.S. provisfonal patent application serial no. 60/154,047, attomey 
docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisfonal patent application serial 

30 no. 60/159,082. attomey docket no. 25791.34, filed on 10/12/1999. (14) U.S. 

provisfonal patent application serial no. 60/159,039. attomey docket no. 25791.36. filed 
on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attomey 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisfonal patent application serial 
no. , attomey docket no. 25791.38. fited on 6/19/2000. (17) U.S. 
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provisional patent appBcation serial no. 60/165^8, attorney docket no. 25791.39, filed 

on 11/12/1999, (18) U.S. provisional patent application serial no. . 

attorney docket no. 25791 .45, filed on 7/28/2000. (19) U.S. provisional patent 

application serial no. , attorney docket no. 25791.46. filed on 7/28/2000, 

5 and (20) U.S. provisional patent appHcatfan serial no. attorney docket 

no. 25791,47, filed on 9/18/2000, the disctosures of which are Incorporated herein by 
reference. 

In several alternative embodiments, the annular body 610 may be (knitted or 
may be compressible before, during, or after curing. 

1 0 Referring to Rgs. 6c and 6d, a conventional roller expansion device 615 nr^y 

then be positioned within the tubular member 600 and operated in a conventtonal 
manner apply a radial force to the interior surface of the tubular member 600 to 
plastically defonm and radially expand a portion of the tubular member to thereby form 
a recess 620 in the tubular member. As will be recognized by persons having ordinary 

1 5 skill in the art, a roller expanston devk:e typically utilizes one or more rollers that, 
through rotation of the device, apply a radial force to the interior surfaces of a tubular 
member. In several alternative embodinnents, the roller expanston device 61 5 may 
include eccentric rollers such as, for example, as disclosed in U.S. Pat Nos. 5.014,7.79 
and 5,083,608, the disclosures of which are incorporated herein by reference. 

20 Referring to Rgs. 6d and 6e. the roller expansion device 61 5 may then be 

removed and the shoe 605 drilled out using a conventional drilling device. 

Referring to Rg. 6f. an additional tubular member 625 nnay then be plastically 
defomned and radially expanded in a conventional mariner and/or by using one or more 
of the methods and apparatus described above in order to form a mono<llameter 

25 wellbore casing. Before, during or after the radial expansion of the tubular member 
625, an annular lx>dy 630 of a fluidic sealing material may be formed around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several alternative embodiments, the roller expansion device 615 may t>e 

30 coupled to the bottom of an expansion cone in order to permit the over-expanston 
process to be performed during the radial expansion process implemented using the 
expansion cone. 

Referring initially to Rg. 7a, a wellbore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to the 
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horizontal. The preexisting weUbore casing 1 5 may be coupled to the upper portion of 
the vKeObore 10 using any numt)er of conventional rniethods. in a preferred 
emt)odiment, the welUMre casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 

5 following: (1 ) U.S. patent application serial no. 09/454.1 39. attorney dod<et no. 
25791.03.02. filed on 12/3/1999. (2) U.S. patent application serial no. 09/510,913. 
attorney docket no. 25791.7.02. filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502.350. attorney docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent 
appHcation serial no. 09/440.338. attorney docket no. 25791 .9.02. filed on 11/15/1 999. 

10 (5) U.S. patent appfication serial no. 09/523,460, attorney docket no. 25791 .1 1 .02, filed 
on 3/10/2000, (6) U.S. patent appiicatton serial no. 09/512.895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511.941. 
attorney docket no. 25791 .16.02. filed on 2/24/2000. (8) U.S. patent application serial 
no. 09/588.946. attorney docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent 

15 applicaUon serial no. 09/559,122, attorney docket no. 25791 .23.02. filed on 4/26/2000, 
(10) PCT patent application serial no. PCT/USOO/1 8635. attorney docket no. 
25791.25.02, filed on 7/9/2000. (11) U.S. provisional patent appiicatton serial no. 
60/162,671, attorney docket no. 25791.27, filed on 11/1/1999, (12) U.S. provisional 
patent application serial no. 60/154.047. attorney docket no. 25791.29. filed on 

20 9/16/1999. (13) U.S. provisional patent appiicatton serial no. 60/159,082. attorney 

docket no. 25791 .34. filed on 1 0/12/1 999. (14) U.S. provisional patent appiicatton serial 
no. 60/159.039. attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provistonal patent application serial no. 60/159.033. attorney docket no. 25791 .37. filed 
on 10/12/1999, (16) U.S. provisional patent application serial no. , 

25 attorney docket no. 25791 .38. filed on 6/1 9/2000. (17) U.S. provisional patent 

appHcatton serial no. 60/165,228, attorney docket no. 25791.39. filed on 11/12/1999, 

(1R) tl S pmvislonai patent app lication serial no. . attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent appiicatton serial no. 
;, attorney docket no. 25791 .46. filed on 7/28/2000. and (20) U.S. 

30 provisional patent application serial no. ^ attorney docket no. 25791.47. 

filed on 9/18/2000. the disclosures of which are incorporated herein by reference. 
More generally, the preexisting wellbore casing 15 may be coupled to another 
preexisting wellbore casing and/or may include one or more concentrically positioned 
tubular members. 
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Referring to Rg. 7b, an apparatus 700 for radially expanding a tubiilar member 
rnay then be positioned within the wellbore 10. The apparatus 700 includes a tut)ular 
support member 705 defining a passage 710 for conveying fluidic materials. An 
expansion cone 715 defining a passage 720 and having an outer conical surface 725 
5 for radially expanding tubular members is coupled to an end of the tubular support 
member 705. 

An expansion cone launcher 735 is moyably coupled to and supported by the 
expansion cone 715. The expansion cone launcher 735 includes an upper portion 
735a having an upper outer diameter, an intermediate portion 735b that mates with the 

10 expansion cone 715, and a lower portion 735c having a lower outer diameter The 
lower outer diameter is greater than the upper outer diameter. The expansion cone 
launcher 735 further includes a recessed portion 735d having an outer diameter that is 
less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion of 

15 the expansion cone launcher 735. In a preferred embodiment, the valveable passage 
745 may be controllably closed in order to fluididy isolate a region 750 below the 
expansion cone 715 and bounded by the lower portion 735c of the expansion cone 
launcher 735 and the shoe 740 from the region outside of the apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a of the 

20 expansion cone launcher 735. One or more sealing members 760a and 760b may be 
coupled to the exterior of the upper portion of the expandable tubular member 755. In 
several alternative embodiments, the sealing members 760a and 760b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
altemative embodirnents, one or more anchoring elements may substituted for, or used 

25 in additton to, the sealing members 760a and 760b. 

In a preferred embodiment, the support member 705, the expansion cone 715, 
the expansion cone launcher 735, the shoe 740, and the expandable tubular member 
755 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454.139, attorney docket no. 25791.03.02, filed on 

30 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791.7.02. filed on 2/23/2000, (3) U.S. patent application serial no. 09/502.350, 
attomey docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attomey docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent 
application serial no. 09/523,460. attomey docket no. 25791.11.02, filed on 3/10/2000, 


(6) U.S. patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed 
on 2/24/2000. (7) U.S. patent application serial no. 09/51 1,941. attorney docket no. 
25791.16.02. filed on 2/24/2000, (8) U.S. patent application serial no. 09/588.946. 
attorney docket no. 25791.17.02, filed on 6/7^000, (9) U.S. patent application serial 

5 no. 09/559,122. attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent 
application serial no. PCT/USOQ/18635, attorney docket no. 25791.25.02. filed on 
7/9/2000. (1 1 ) U.S. provisional patent application serial no. 60/162,671 , attorney docket 
no. 25791.27, filed on 11/1/1999, (12) U.S. provisional patent application serial no. 
60/154.047. attorney docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional 

10 patent application serial no. 60/159,082. attorney docket no. 25791 .34, filed on 
10/12/1999, (14) U.S. provisional patent application serial no. 60/159.039. attorney 
docket no. 25791.36. filed on 10/12/1999. (15) U.S. provisional patent application serial 
no. 60/159,033, attorney docket no. 25791 .37. filed on 10/12/1999. (16) U.S. 
provisional patent application serial no. , attorney docket no. 

15 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 

60/165,228. attorney docket no. 25791.39. filed on 1 1/12/1999. (18) U.S. provisional 

patent application serial no. , attorney docket no. 25791.45, filed on 

7/28/2000. (19) U.S. provisional patent application serial no. . attorney 

docket no. 25791.46, filed on 7/28/2000. and (20) U.S. provisional patent application 

20 serial no. , attorney docket no. 25791 .47. filed on 9/18/2000. the 

disclosures of which are incorporated herein by reference. 

fis illustrated In Fig. 7b, in a preferred embodiment, during placement of the 
apparatus 700 within the wellbore 1 0. fluklic materials 765 within the wellbore 10 are 
conveyed through the apparatus 700 through the passages 710, 720 and 745 to a 

25 tocation above the apparatus 700. In this manner, surge pressures during placement 
of the apparatus 700 within the wellbore 10 are reduced. In a prefened embodiment. 
fhft apparatus 7QQ Is Initially posifioned within the wellbore 10 such that the top portion 
of the tubular memt)er 755 overiaps with the preexisting casing 15, In this manner, the 
upper portion of the expandable tubular member 755 may be radially expanded Into 

30 contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art. the precise initial position of the expandable 
tubular member 755 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expanston. and the material properties of the 
expandable tubular member. 
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As illustrated in Fig. 7c, a fluicRc material 770 may then be injected through the 
apparatus 700 through the passages 710. 720. arid 745 in order to test the proper 
operation of these passages. . 

As illustrated in Fig. 7d. a hardenable fluidic sealing material 775 may then be 
5 injected through the apparatus 700 through the passages 710, 720 and 745 into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be fomied around the radially 
expanded expansion cone launcher 735 and expandable tubular member 755. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
1 0 several alternative embodiments, the injection of the hardenable fluidic sealing material 
775 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material 775 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 7e. a non-hardenable fluidic material 780 may then be 
injected into the apparatus through the passages 710 and 720. A ball plug 785, or 
1 5 other similar device, may then be injected with the fluidic material 780 to thereby seal 
off the passage 745. In this manner, the region 750 may be pressurized by the 
continued injection of the fluidic material 780 into the apparatus 700. 

As illustrated in Figs. 7f and 7g, the continued injection of the fluidic nriaterial 
780 into the apparatus 700 causes the expansion com launcher 735 and expandable 
20 tubular nriember 755 to be plastically defomied and radially expanded off of the 
expansion cone 715. The resulting structure includes a lip 790. 

After completing the plastic defomnation and radial expansion of the tubular 
member 755, the hardenable fluidic sealing material is allowed to cure to thereby form 
an annular body 795 that provides a banier to fluid flow Into or out of the wellbore 10. 
25 Referring to Fig. 7h, the shoe 740 may then removed by drilling out the shoe 

using a conventional drilling device. A new section of the wellbore 1 0 may also be 
drilled out in order to permit additional expandable tubular members to t>e coupled to 
the bottom portion of the plastically deformed and radially expanded tubular member 
755. 

30 Refening to Fig. 7i, an additional tubular member 800 may then be plastically 

deformed and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described at)ove in order to form a mono-diameter 
vyellbore casing. Before, during or after the radial expansion of the tubular member 
800, an annular body 805 of a fluidic sealing material may be fonmed around the 
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tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. In a prefeoed enftx)diment, the lip 790 facilitates the 
coif>fing of the tubular member 800 to the tubular member 755 by providing a region 
on which the tubular member 800 may be easily coupled onto. 

5 Refening to Fig. 8a, in an alternative embodiment, a wellbore 10 includes a 

preexisting section of wellbore casing 15 and 900. The wellbore casing 900 includes 
sealing members 905a and 905b and a recess 910. An annular body 915 of a fluidic 
sealing material may also be provided around the casing 900. The casing 900 and 
annular body 915 may be provided using any number of conventional methods, the 

10 methods described above, and/or using one or more of the methods disclosed in the 
following: (1) U.S. patent application serial no. 09/454,139, attorney docket no. 
25791.03.02. filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913. 
attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502,350, attorney docket no. 25791,8.02, filed on 2/10/2000. (4) U.S. patent 

15 application serial no. 09/440,338, attorney docket no. 25791 .9.02, filed on 1 1/15/1999, 
(5) U.S. patent application serial no. 09/523,460. attorney docket rio. 25791 .11 .02, filed 
on 3/10/2000, (6) U.S. patent appiicatton serial no. 09/512,895, attorney docket no. 
25791.12.02. filed on 2/24/2000. (7) U.S. patent application serial no. 09/511.941, 
attorney docket no. 25791 .16.02, filed on 2/24/2000, (8) U.S. patent application serial 

20 no. 09/588,946, attomey docket no. 25791.17.02, fil^d on 6/7/2000, (9) U.S. patent 
appBcation serial no. 09/559.122, attomey docket no. 25791.23.02, filed on 4/26/2000, 
(10) PCT patent appHcatton serial no. PCT/USOO/18635, attomey docket no. 
25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial no. 
60/162.671. attomey docket no. 25791.27. filed on 11/1/1999, (12) U.S. provisional 

25 patent application serial rio. 60/154,047. attomey docket no. 25791 .29. filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159.082. attomey 
docket no. 25791.34. filed on 10/12/1999. (14) U.S. provisional patent application serial 
no. 60/159,039. attomey docket no. 25791.36. filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159.033, attorney docket no. 25791 .37. filed 

30 on 1 0/1 2/1 999, (1 6) U.S. provisional patent application serial no. , 

attomey docket no. 25791.38, filed on 6/19/2000. (17) U.S. provisional patent 
application serial no. 60/165.228, attomey docket no. 25791 .39, filed on 1 1/1 2/1 999. 

(18) U.S. provisional patent application serial no. • attonfiey docket no. 

25791 .45. filed on 7/28/2000. (19) U.S. provisional patent application serial no. 
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• attorney docket no. 25791.46. filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791.47, 

filed on 9/18/2000, the disclosures of which are incorporated herein tiy reference. 

Referring to Fig. 8b, an apparatus 1000 for radially expanding a tubular member 
5 is then positioned within the weilbore 10 that includes a tubular support member 1005 
that defines a passage 1010 for conveying fluidic materials. A hydraulic todting device 
1 01 5 that defines a passage 1 020 for conveying fluidic nr>aterials that is fluklidy 
coupled to the passage 1010. The locking device 1015 further includes inlet passages. 
102(te and 1020b. actuating chambers, 1025a and 1025b, and locking members. 

10 1030a and 1030b. During operation, the injection of fluidic materials into the actuating 
chambers, 1025a and 1025b. causes the locking members. 1030a and 1030b. to be 
displaced outwardly In the radial direction. In this manner, the locking device 1015 may 
be oontrollably coupled to a tubular member to thereby maintain the tubular member in 
a substantially stattonary position. As will be recognized by persons having ordinary 

15 skill in the art, the operating pressures and physical shape of the inlet passages 1020, 
actuating chambers 1 025, and locking members 1030 will detemnlne the maximum 
amount of holding force provMed by the locking device 1015. In several attemative 
embodmnents, fiukiic materials may be injected into the locking device 1015 using ia 
dedteated fluki passage in order to provkie precise control of the locking device. In 

20 several alternative embodiments, the locking device 1 01 5 may be omitted and the 
tubular support member 1005 coupled directly to the tubular support member 1035. 

One end of a tubular support member 1035 that defines a passage 1 040 is 
coupled to the locking device 1015. The passage 1040 is fluidicly coupled to the 
passage 1020. An expansion cone 1045 that defines a passage 1050 and includes an 

25 outer conical surface 1055 is coupled to another end of the tubular support member 
1035. An expansion cone launcher 1060 is movably coupled to and supported by the 
expansion cone 1045. The expansion cone launcher 1060 includes an upper portion 
1060a having an upper outside diameter, an intermediate portion 1060b that mates 
with the expanston cone 1045. and a lower portion 1060c having a lower outside 

30 diameter. The lower outside diameter is greater than the upper outside diameter. 

A shoe 1065 that defines a valveable passage 1070 is couple to Vhm lower 
portion 1060c of the expansion cone launcher 1060. In this manner, a re^on 1075 
below the expansion cone 1045 and bounded by the expansion cone launcher 1060 
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and the shoe 1065 may be pressurized and fluidicly isolated from the annular region 
t>etween the apparatus 1000 and the wellbore 10. 

An expandable tubular member 1080 is coupled to the upper portion of the 
expansion cone launcher 1060. In several alternative embodiments, one or more 
5 sealing members are coupled to the exterior of the upper portion of the expand^le 
tubular member 1080. In several alternative embodiments, the sealing numbers may 
include elastomeric elements and/or metallic elements and/or composite elements. In 
several alternative embodiments, one or more anchoring elements may substituted for, 
or used in addition to, the sealing members. 
10 An expansion cone 1085 defining a passage 1090 for receiving the tubular 

support member 1005 includes an outer conical surface 1095. A tubular support 
member 1 100 defining a passage 1105 for receiving the tubular support member 1005 
is coupled to the bottom of the expansion cone 1085 for supporting and actuating the 
expansion cone, 

15 In a preferred embodiment, the support members 1005 and 1035, the 

expansion cone 1045, the expansion cone launcher 1060, the shoe 1065, and the 
expandable tubular member 1080 are provided substantially as disclosed In one or 
more of the following: (1) U.S. patent application serial no. 09/454.139, attomey docket 
no. 25791.03.02. filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, 

20 attomey docket no. 25791 .7.02, filed on 2/23/2000, (3) U.S. patent apprtcation serial 
no. 09/502,350, attomey docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440,338, attomey docket no. 25791.9.02, filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523,460, attomey docket no. 25791.11.02, filed 
on 3/10/200O, (6) U.S. patent appliration serial no. 09/512.895, attomey docket no. 

25 25791.12.02, filed on 2/24/2000, (7) U.S. patent applrcation serial no. 09/511,941, 
attomey docket no. 25791.16.02, filed on 2/24/2000. (8) U.S. patent application serial 
no. 09/588.946, attomey docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent 
applicatton serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, 
(10) PCT patent application serial no. PCT/USOO/18635, attomey docket no. 

30 25791 .25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial no. 
60/162,671, attomey docket no. 25791.27, filed on 11/1/1999. (12) U.S. provisional 
patent application serial no. 60/154,047. attorney docket no. 25791.29, filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159.082, attomey 
docket no. 25791.34, filed on 10/12/1999, (14) U.S. provistonal patent application serial 
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no. 60/159,039. attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159.033, attorney docket no. 25791.37, filed 

on 10/12/1999, (16) U.S. provisional patent application serial no. , 

attorney docket no. 25791 .38. filed on 6/19/2000. (17) U.S. provisional patent 

5 application serial no. 60/165.228. attorney docket no. 25791.39, filed on 1 1/12/1999, 

(18) U.S. provisional patent application serial no. , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

. attorney docket no. 25791.46, filed on 7/28/2000. and (20) U.S. 

provisional patent application serial ho. , attorney docket no. 25791.47, 

1 0 filed on 9/1 8/2000, the disck)sures of which are incorporated herein by reference. 

As illustrated in Ftg. 8b. in a preferred embodinnent, during placement of the 
apparatus lOOOwithin the wellbore 10, fluidic materials IHOwithinthe wellbore lOare 
conveyed through the apparatus 1000 through the passages 1010, 1020, 1040 and 
1070 to a location above the apparatus 1000. In this manner, surge pressures during 

1 5 placement of the apparatus 1000 within the wellbore 10 are reduced. In a preferred 
embodiment, the apparatus 1000 is initially positioned within the wellbore 10 such that 
the top portion of the tubular meml)er 1 080 overlaps with the recess 91 0 of the 
preexisting casing 900. In this manner, the upper portion of the expandable tubular 
member 1080 may be radially expanded Into contact with and coupled to the recess 

20 910ofthe preexisting casing 900. 

As illustrated in Fig. 8c, a fluidic material 1115 may then be injected through the 
apparatus 1000 through the passages 1010, 1020, 1040, and 1070 in order to test the 
proper operation of these passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1120 may then be 

25 injected through the apparatus 1000 through the passages 1010, 1020, 1040, and 

1070 into the annulus between the apparatus and the wellbore 10. In this manner, an . 
annular banier to fluid migration into and out of the wellbore 10 may be formed around 
the radially expanded expansion cone launcher 1060 and expandable tubular member 
1080. The hardenable fluidic sealing material may include, for example, a cement 

30 mixture, in several alternative embodiments, the injedk>n of the hardenable fluklic 
sealing material 1120 may be omitted. In several altemative embodiments, the 
hardenable fluidic sealing nnaterial 1 120 is compressible, before, during and/or after, 
the curing process. 
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As illustrated In Fig. Be. a non-hardenable fluidic material 1125 may then be 
injected into the apparatus 1000 through ttie passages 1010. 1020 and 1040. A ball 
plug 1 1 30, or other similar device, may then be injected with the fluidic material 1 1 25 to 
thereby seal off the passage 1070. In this manner, the region 1075 may be 

5 pressurized by the continued injection of the fluidic material 1 1 25 into the apparatus 
1000. Furthermore, in this manner, the actuating chambers. 1025a and 1025b, of the 
. locking device 1015 may be pressurized. In this manner, the tubular member 1080 
may be held In a substantially stationary position by the locking device 1015. 

As illustrated in Fig. 8f. the expansion cone 1085 may then be actuated in the 

10 downward direction by d direct application of axial force using the support member 
1 100 and/or through the application of fluid force. The axial displacement of the 
expansion cone 1085 may plastically defonm and radially expand the upper portion of 
the expandable tubular member 1080. In this manner, the upper portion of the 
expandable tubular member 1080 may be precisely coupled to the recess 910 of the 

15 preexisting casing 900. 

During the downward actuation of the expansion cone 1085. the locking 
member 1015 preferably prevents axial displacement of the tubular member 1080. In a 
preferred embodiment, the locking member 1015 is positioned proximate the upper 
portion of the tubular member 1080 in order to prevent buckling of the tubular member 

20 1080 during the radial expansion of the upper portion of the tubular member. In an 
alternative embodiment, the locking member 1015 is omitted and the Interferena 
between the intermediate portion 1060b of the expansion cone launcher 1060 and the 
expansion cone 1045 prevents the axial displacement of the tubular member 1080 
during the radial expansion of the upper portion of the tubular member. 

25 As illustrated in Fig. Bg, the expansion cone 1085 and 1 100 may then be raised 

outof thewellbore 10- 

As illustrated in Fig. 8h. the continued injedfon of the fluidic material 1125 into 

the apparatus 1000 may then cause the expansion cone launcher 1060 and the 
expandable tubular member 1 080 to be plastically deformed and radially expanded off 

.30 of the expansion cone 1045. In this manner, the expansion cone 1 045 is displaced 
relative to the expansion cone launcher 1060 and expandable tiA>ular member 1080 in 
the axial direction. In a prefened embodiment, the axial forces created during the 
radial expansion process are greater than the axial forces generated by the locking 
device 1 01 5. As will be recognized by persons having ordinary skill in the art. the 
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precise relationship between these axial forces will vary as a function of the operating 
(^aracteristics of the locking device 1015 and the metallurgical properties of the 
expansion cone launcher 1060 and expandable tubular 1080. In an alternative 
embodiment, the operating pressures of the actuating chambers, 1025a and 1025b, 
5 and the region 1075 are separately controllable by providing separate and dedicated 
fluid passages for pressurizing each. 

As illustrated in Fig. 8i, after completing the plastic deformation and radial 
expansion of the tubular member 1080, the hardenable fluidic sealing nnaterial is 
allowed to cure to thereby form an annular body 1 130 that provides a barrier to fluid 
10 flow into or out of the wellbore 10. The shoe 1065 may then removed by drilling out the 
shoe using a conventional drilling device. A new section of the wellbore 10 may also 
be drilled out in order to permit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubular member 
1080. 

15 In an alternative embodiment, the annular body 1 1 30 may be omitted. In 

several altemative embodiments, the annular body 1 130 may be radially compressed 
before, during and/or after curing. 

Refemng to Fig. Bj, the tubular member 1 080 may be radially expanded again 
using one or more of the methods described above to provide an mono-diameter 

20 wellt>ore casing. 

Referring to Fig. 9a, a wellbore 1200 includes an upper preexisting casing 1205 
and a lower preexisting casing 1210. The casings, 1205 and 1210, may further include 
outer annular layers of fluidic sealing materials such as, for example, cement. The 
ends of the casings, 1205 and 1210. are separated by a gap 1215. 

25 Referring to Fig. 9b, a tubular member 1220 may then t>e coupled to the 

opposing ends of the casings, 1205 and 1210, to thereby bridge the gap 1215. In a 
preferred embodiment, the tubular member 1^20 is coupled to the opposing ends of 
the casings, 1205 and 1210. by plastically deforming and radially expanding the tubular 
member 1220 using one or more of the methods and apparatus described and 

30 referenced above. 

Refening to Fig. 9c, a radial expansion device 1225 may then be positioned 
within the tubular member 1220. In a preferred embodiment, the length of the radial 
expansion device 1225 is greater than or equal to the axial length of the tubular 
member 1220. In several altemative embodiments, the radial expansion device 1225 
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may be any number of conventional radial expansion devices such as, for example, 
expansion cones actuated by hydraulic and/or dlre^ axial force, roil^ expansion 
devices, and/br es^andable hydraulic bladders. 

Referring to Figs. 9d and 9e, after actuation and subsequent de-actuatiori and 
5 removal of the radial expansion device 1225, the inside diameters of the casings, 1205 
and 1210, are sut)stantialty equal to the inside diameter of the tubular member 1220. 
In this manner, a mono-diameter wellbore casing may be formed. 

Refening to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 
and an inner tubular member 1310. In a preferred embodiment, the tubular members, 

10 1 305 and 1 31 0, are plastically defonned and radiaRy expanded using one or more of 
the methods and apparatus described and referenced above. In this manner, a 
wellbore casing may be provided whose burst and collapse strength may be precisely 
controlled by varying the number, thickness, and/or material properties of the tubular 
members, 1305 and 1310. 

15 Refening to Fig. 1 la. a wellbore 1400 includes a casing 1405 that is coupled to 

a preexisting casing 1410. In a prefened embodiment, one or more sealing members 
141 5 are coupled to the exterior of the upper portion of. the tubular member 1405 in 
order to optimally seal the interface between the tubular member 1405 and the 
preexisting casing 1410. . In a prefened emtxxliment. the tubular member 1405 Is 

20 plastically deformed and radially expianded using conventional methods and/or one or 
more of the methods and apparatus described and referenced above. In an exemplary 
embodiment, the outside diameter of the tubular member 1405 prior to the radial 
expansion process is ODo, the wall thickness of the tubular member 1405 prior to the 
radial expansion process is to, the outside diameter of the tubular member following the 

25 radial expansion process is ODi , and the wall thickness of the tutHilar member 
following the radial expansion process is ti. 

Referring to Fig; 1 lb, a tubular member 1420 may then be coupled to the Ibvyer 

. portion of the tubular member 1405 by plastically deforming and radially expanding the 
tubular member 1420 using conventional methods and/or one or more of the methods 

30 and apparatus desaibed and referenced above. In a preferred embodiment, the 

exterior surface of the upper portton of the tubuter member 1420 includes one or more 
sealing menfd)ers for sealing the interface between the tubular member 1420 and the 
tubular member 1405. 
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Referring to Fig. 11c, lower portion of the tubular nnember 1405 and the tubular 
member 1420 may be radially expanded again to provide a mono-diameter wellbore 
casing. The additional radial expansion may be provided using conventional methods 
and/or one or more of the methods and apparatus descrit>ed and referenced above. In 
5 an exemplary embodiment, the outside diameter and wall thickness of the lower portion, 
of the tubular member 1405 after the additional radial expansion process are OD2 and 

t2. 

The radial expansion process of Figs. 1 1 b-11 c can then be repeated to provide 
a mono-diameter wellbore casing of virtually unlimited length. 

10 In several alternative embodiments, the ordering of the radial expansions of the 

tubular members, 1405 and 1420, may be changed. For example, the first tubular 
member 1405 may be plastically deformed and radially expanded to provide a lower 
portion having the outside diameter OD2 and. the remaining portion having the outside 
diameter OD1. The tubular member 1420 may then be plastically deformed and 

1 5 radially expanded one or more times until the inside diameters of the tubular members, 
1405 and 1420. are substantially equal. The plastic defomiations and radial 
expansions of the tubular members, 1405 and 1420, may be provided using 
conventional methods and/or one or more of the methods and apparatus described and 
referenced above. 

20 In an exemplary embodiment, the total expansion strain E of the tubular 

member 1405 may be expressed by the following equation: 

E^(OD^ - ODa)/ODo (1) 
Where ODo = original outside diameter, 
25 OD1 = outside diameter after 1^ radial expansion; and 

OD2 = outside diameter after 2^ radial expansion. 
Furthemiore, in an exemplary embodiment, where: (1) the exterior surface of 
the upper portion of the tubular member 1420 includes sealing members, and (2) the 
radial spacing between the tubular member 1405 and the wellbore 1400 prior to the 
30 first radial expansion is equal to d, the outside diameters, OD1 and 0D2, of the tubular 
member 1405 following the first and second radial expansions may be expressed as: 

OZ)j = OZ)o + 2t/+2/, (2) 
OD^^OD^^lR^lt^ (3) 
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where OPo = the cyriginal outside diameter of the tubular member 1405; 

ODi ' the outside djameter of the tubular member 1405 

following the first radial expansion; 
OO2 = the outside diameter of the tubutermentber 1405 
5 follawing the second radial expansion; 

d = the radial spacing between the tubular member 
1405 and the wellbore prior to the first radial 
expansion; 

ti = the wall thickness of the tubular member 1405 
10 after the first radial expansion; 

t2 = the wall thicl<ness of the tubular member 1405 

after the second radial expansion; and 
R = the thickness of sealing member provided on the 
exterior surface of the tubular member 1 420. 
15 Furthemrrare, in an exemplary embodiment, for d approximately equal to 0.25 

inches and R approximately equal to 0.1 inches, equation (1) can be approximated as; 


E-(0Tait,)lOD, (4) 


where to = the original wall thickness of the tubular member 

20 1405. 

In an exemplary embodiment, the total expansion strain of the tubular member 
1405 should be less than or equal to 0.3 in order to maximize the burst and collapse 
strength of the expandable tubular member. Therefore, from equation (4) the ratio of 
the original outside diameter to the original wall thtekness (QDorto) may be expressed 
25 as: 


ODjt,>.31il{ti3-0.1IUD,) (5) 


Thus, in a preferred embodimefit. for ODo less than 10 inches, the optimal ratio 
of the original outside diameter to the original wall thickness (ODofto) may be expressed 

30 as: 

0DJt,>\6 (6) 
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In this manner, for typical tubular members, the burst and collapse strength of 
the tubular members following one or more radial expansions are maximized when the 
relationship In equation (6) Is satisfied. Furthermore, the relationships expressed in 
equations (1 ) through (6) are valid regardless of the order or type of the radial 
5 expansions of the tubular member 14D5. More generally, the relationships expressed 
in equations (1 ) through (6) may be applied to the radial expansion of structures having 
a wide range of profiles such as, for example, triangular, rectangular, and oval. 

An apparatus for plastically deforming and radially expanding a tubular member 
has been described that includes means for plastically deforming and radially 

1 0 expanding a first portion of the tubular member to a first outside diameter, and means 
for plastically defonfning and radially expanding a second portion of the tubular member 
to a second outside diameter. In a preferred embodiment, the first outside diameter is 
greater than the second outside diameter. In a preferred embodiment, the means for 
plastically defomning arKl radially expanding the first portion of the tubular member to 

15 the first outside diameter is renrK>vable. In a preferred embodiment, the means for 
plastically deforming and radially expanding the first portion of the tubular member to 
the first outside diameter Is frangible. In a preferred embodiment, the means for 
plastically deforming and radially expanding the first portion of the tubular member to 
the first outside diameter is elastic. In a preferred embodiment, the means for 

20 plastically deforming and radially expanding the fvst portion of the tubular member to 
the first outside diarrater includes means for applying a radial force to the first portion 
of the tubular member. In a preferred embodiment, the means for plastically defonnlng 
and radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. In a prefen^ed embodiment, Uie means for plastically defonming 

25 and radially expanding the first portion of the tubular member to the first outside 

diameter includes rolling means for applying radial pressure to the first portion of the 
tubular member. 

An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a tubular support member including a first fluid 
30 passage, an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid passage and an outer conical surface, a 
removable annular conical sleeve coupled to the outer conical surface of the expansion 
cone, an annular expansion cone launcher coupled to ttie conical sleeve and a lower 
portion of the tubular member, and a shoe having a valveable passage coupled to an 
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end of the expansion cone launcher. In a preferred embodiment, the conical sleeve is 
frangible. In a preferred enrd)odiment the correal sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. 

A method of piasticaliy deforming and radially expanding a tubular member has 
5 also been described that includes ptasttcaliy deforming and radially expanding a portion 
of the tubular member to a first outside diameter, and plastically deforming and radially 
expanding another portion of the tutnilar member to a second outside diameter. In a 
preferred embodiment, the first diameter is greater than the second diameter. In a 
preferred emtxxliment, plastically deforming arKl radially expanding the portion of the 

1 0 tubular member Irickides applying a radial force to ttte portion of the tubular member 
using a conical sleeve. In a preferred embodiment, conical sleeve is frangible. In a 
preferred embodiment, the conical sleeve is elastic. In a preferred embodinrtent, the 
conical sleeve includes a plurality of arcuate elements. In a prefenred embodiment, 
plastically deforming and radially expanding the portion of the tubular member includes 

1 5 applying a radial force to the portion of the tubular member using an inflatable bladder. 
In a preferred embodiment, piasticaliy deforming and radially expanding the portion of 
the tubular member includes applying a radial force to the portion of the tubular 
member using a roller expansion device. 

A method of coupling a first tubular member to a second tubular member has 

20 also been described that includes plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically deforming and 
radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically deforming 

25 and radially expanding the second tubular member to a third outside diameter, and 
plastically defonning and radially expanding the second tubular member to a fourth 

— : — outside d i amet e r. Tho insido diam e t e rs of th e first and s e cond tubular members after — 
the plastic defomiations and radial expanstons are substantially equal. In a prefen'ed 
embodiment, the first outside diameter is greater than the second outside diameter. In 

30 a preferred emixxliment, plastically deforming and radially expanding the first portion of 
the first tubular member faicludes applying a radial force to the portion of the tubular 
member using a conical sleeve. In a preferred embodiment, the conical sleeve is 
frangible. In a prefen'ed embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a preferred 
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embodiment, plastically defomiing and radially expanding the first portion of the first 
tubular member includes applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. In a prefenred embodiment, plastically defomiing 
and radially expanding the first portion of the first tubular member includes applying a 
5 radial force to the first portion of the first tubular member using a roller expansion 
device. 

An apparatus for coupling a frst tubular men^r to a second tubular menber 
has also been described that includes means for plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 

1 0 for plastically defomiing and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, means for plastically deforming and radially expanding the 
second tubular member to a third outside diameter, and means for plastically deforming 

15 and radially expanding the second tubular member to a fourth outside diameter. The 
inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal. In a prefenred embodiment, the first 
outside diameter is greater than the second outside diameter. In a preferred 
embodiment, the means for friastically deforming and radially expanding the first 

20 portion of the first tubular memtier includes means for apptying a radial force to the 
portion of the tubular member using a conical sleeve. In a preferred emtxxliment, the 
conical sleeve is frangible. In a preferred embodiment, the conical sleeve is elastia In 
a preferred embodiment, the conical sleeve includes a plurality of arcuate elements. In 
a preferred embodiment, the nieans for plastically defomiing and radially expanding the 

25 first portion of the first tubular member Includes nieans for applying a radial force to the 
first portion of the first tubular member using an Inflatable bladder. In a prefen'ed 
embodiment, the means for plastically defomiing and radially expanding the first 
portion of the first tubular member indudes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. 

30 An apparatus for forming a wellbore casing within a wellbore has also been 

described that includes means for supporting a tubular m^t)er within the wellbore, 
me^ns for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter, and rneans for plastically deforming and radially 
expanding a second portion of the tubular member to a second outside diameter. In a 


preferred embodiment, the first outside diameter is greater than the second outside 
diameter. In a preferred emtKxliment, the means for plasticaily deforming and radially 
expanding the first portior) of the tubular member to the first outside diameter is 
removable. In a preferred embodiment, the means for plastically deforming and 

5 radially expanding the first portion of the tubular member to the first outside diameter is 
frangible. In a prefeired eml>odinnent, the means for plastically deforming and radially 
expanding the first portion of the tubular member to the first outside diameter Is elastic. 
In a preferred embodiment, the means for plastically deforming and radially expanding 
the first portion of the tubular member to the first outside diameter includes means for 

1 0 applying a radial force to the first portion of the tubular member. In a prefened 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is inflatable. In a prefenred 
embodiment, the means for plastically defonning and radially expanding the first 
portion of the tubular member to the first outside dianieter includes rolling means for 

15 applying radial pressure to the first portion of the tubular member. In a preferred 
embodiment, the apparatus further includes nieans for forming an annular body of a 
fluidic sealing material within an annulus between the tubular member and the 
wellbore. 

An apparatus for fonning a wellbore casing within a wellbore has also been 

20 described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluididy coupled to the first fluid passage and an outer conical surface, a removable 
annular conical sleeve coupled to the outer conical surface of the expansion cone, an 
annular expanston cone launcher coupled to the conical sleeve and a lower portion of 

25 the tubular member, and a shoe having a valveable passage coupled to an end of the 
expansion cone launcher, in a preferred enribodiment, the conical sleeve is frangible. 

In a pref e nred e mbod i m e nt, th e con i cal sleov e is e lastic. I n a pref e rred embodim e nt, — 

the conical sleeve includes a plurality of arcuate elements. 

A method of forming a wellbore casing within a wellbore has also been 

30 described that includes supporting a tubular memt>er within a wellbore, plastically 
deforming and radially expanding a portion of the tubular member to a first outside 
diameter, and plastically deforming and radially expartding another portion of the 
tubular member to a second outside diameter. In a preferred embodiment, the first 
diameter is greater than the second diameter. In a preferred embodiment, plastically 
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deforming and radially expanding the portion of the tubular memt>er Includes applying a 
radial force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve Is frangible. In a preferred embodiment the conical 
sleeve is elastic. In a preferred embodiment, the conical sleeve includes a plurality of 
5 arcuate elements. In a pref^red embodiment plastically deforming and radially 
expanding the portion of the tubular member Includes applying a radial force to the 
portion (tf the tubular member using an inflatable bladder. In a preferred embodiment 
plastically defonmlng and radially expanding the portion of the tubular member includes 
applying a radial force to the portion of the tubular member using a roller expansion 

10 device. In a preferred embodiment, the method further includes injecting an annular 
body of a hardenable fluidic sealing material into an annulus between the tubular 
member and the wellbore. In a preferred embodinr^ent, the method further includes 
curing the annular body of hardenable fluidic sealing material. 

A method of forming a mono-diameter wellbore casing within a wellbore has 

1 5 also been described that includes supporting a first tubular member within the wellbore, 
plastically deforming and radially expanding a first portion of the first tubular member to 
a first outside diameter, plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overiapping relation to the first portion of the 

20 first tubular member, plastically defonning and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal. In a preferred embodiment, the first outside diameter is greater 

25 than the second outside diameter. In a preferred embodiment plastically defomilng 
and radially expanding the first portion of the first tubular member includes applying a 
radial force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment the conical sleeve is frangible. In a preferred embodiment the conical 
sleeve is elastic. In a prefen^d embodiment, the conical sleeve includes a plurality of 

30 arcuate elements. In a prefen^ed embodiment plastically deforming and radially 

expanding the first portion of the first tubular member includes applying a radial force to 
the first portion of the first tubular member using an inflatable bladder. In a preferred 
embodiment plastically deforming and radially expanding the first portion of the first 
tubular member includes applying a radial force to the first portion of the first tubular 
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member using a roller expansion device, in a preferred embodiment, the method 
further includes injecting an annular body of a hardenable fluidic sealing material into 
an annulus between the first tubular member and the wellbore. In a preferred 
embodiment, the method further includes curing the annular body of hardenable fluidic 
5 sealing material. In a preferred emtxxliment, the method further includes Injecting an 
annular body of a hardenable fluidic sealing niaterial into an annulus between the 
second tubular member and the wellbore. in a preferred embodiment, the method 
further includes curing the annular body of hardenable fludic sealing material. 

An apparatus for coupling a first tubular member to a second tubular member 

1 0 has also been described that includes means for plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside dian^ter, means 
for plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member inside the first tubular member in overtapping relation to the first portion of the 

15 first tubular member, means for plastically deforming and radially expanding the 

second tubular member to a third outside diameter, and means for plastically deforming 
and radially expanding the second tubular member to a fourth outside diameter. The 
inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal. In a preferred embodiment, the first 

20 outside diameter is greater than the second outside diameter. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular merriter includes means for applying a radial force to the 
portion of the tubular member using a conical sleeve. In a preferred embodiment, the 
conical sleeve is frangible. In a preferred embodffnent, the conical sleeve is elastic. In 

25 a prefen-ed embodiment, the conical sleeve includes a plurality of arcuate elements. In 
a prefenred embodiment, the means for plastically deforming and radially expanding the 

first port i on of the first tu b ular member in c l u des means for applying a radia l forc e to th e 

first portion of the first tubular member using an inflatable bladder. In a preferred 
embodiment, the means for plastically deformirtg and radially expanding the first 

30 portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. In a prefen^ed 
embodiment, the apparatus further includes means for injecting an annular body of a 
hardenable fluidic sealing material into an annulus between the first tubular member 
and the wellbore. In a preferred emt)Odiment, the apparatus further includes means for 
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curing the annular bcxty of hardenablefluidicseaCngmateri^^^ In a preferred 
embodiment, the apparatus further indudes means for injecting an annular t>ody of a 
hardenable flutdtc sealing material into an annulus between the second tubular 
member and the wellbore. In a preferred embodiment, the apparatus further includes 

5 means for curing the annular body of hardenable fluidic sealing material. 

An apparatus for plastically defonning and radially expanding a tubular member 
has also been described that indudes means for providing a lipped portion in a portion 
of the tubular member, and means for plastically defonnning and radially expanding 
another portion of the tubular member. 

10 An apparatus for plastically deforming and radially expanding a tubular member 

has also been described that indudes a tubular support member induding a first fluid 
passage, an expansion cone coupled to the tubular support memt>er having a second 
fluid passage fluididy coupled to the first fluid passage and an outer conical surface, an 
annular expansion cone launcher induding: a first annular portion coupled to a lower 

15 portion of the tubular member, a second annular portion coupled to the first annular 
portion that mates with the outer conical surface of the expansion cone, a tNrd annular 
portion coupled to the second annular portion having a first outside diameter, and a 
fourth annular portion coupled to the third annular portion having a second outside 
diameter, wherein the second outside diameter is less than the first outside diameter, 

20 and a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

A method of plastically defomning and radially expanding a tubular member has 
also been described that indudes providing a lipped portion in a portion of the tubular 
memt)er, and plastically deforming and radially expanding another portbn of the tubular 

25 member. 

A method of coupling a first tubular member to a second tubular member has 
also been described that indudes providing a lipped portion in a portion of the first 
tubular member, plastically deforming and radially expanding another portion of the first 
tubular member, positioning the second tubular member inside the first tubular member 
30 in overtapping relation to the lipped portion of the first tubular member, and plastically 
defonning and radially expanding the second tubular member. The inside diameters of 
the first and second tubular memt>ers after the plastic defbmnatioris and radial 
expansions are substantially equal. 
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An apparatus for coupling a first tubular merhl)er to a second tubular memt>er 
has also been described ttiat includes means for providing a lipped portion in the first 
tubularmember, means for plastically deforming and radially expanding another portion 
of the first tubular member, means for positioning the second tubular nnember inside 
5 tiie first tubular member In overlapping relation to the Bpped portion of tt)e first tubular 
member, and means for plastkally deforming and radially expanding the second 
tubular member. Ttie hside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

An apparatus for forming a wellbore casing witiiin a wellbore has also been 
1 0 described ttiat includes means for supporting a tubular member within Vt\e wellbore, 
means for providing a lipped portion in the tubular member, and means for plastically 
deforming and radially expanding another portion of ttie tubular member to a second 
outside diameter. 

An apparatus for forming a wellbore casing vyithin a wellbore has also been 
15 described tiiat includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support riiember having a second fluid passage 
fluidicly coupled to ttie first fluid passage and an outer conical surface, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
the tubular member, a second annular portion coupled to the first annular portion that 
20 mates with tiie outer conical surfece of the expansion cone, a third annular portion 
coupled to ttie second annular portion having a first outside diameter, and a fourth 
annular portion coupled to thett^ird annular portion having a second outside diameter, 
wherein the second outside diameter is less than the first outside diameter, and a shoe 
having a valveable passage coupled to fourth annular portion of ttie expansion cone 
25 launcher. 

A method of forming a wellbore casing in a wellbore has also been described 

th a t i ncl u de s supporting a tubular member witiiin th e wellbor e , provid i ng a l ipp e d 

portion in a portion of ttie tubular member, and plastically deforming and radially 
expanding another portion of the tubular menrriJer. In a preferred embodiment, ttie 
30 method further includes injecting a hardenable flutdic sealing material in an annulus 
between the tubular member and the welil>ore. In a preferred embodiment, the method 
further indudes curing ttie fluidic sealing material. 

A method of forming a mono-diameter wellbore casing within a wellbore has 
also been described ttiat includes supporting a first tubular member within ttie y/ellbore. 
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providing a lipped portion in a portion of thie first tubular member, plastically defomning 
and radially expanding another portion of the first tubular member, positioning the 
second tubular memt>er inside the first tubular member in overlapping relation to the 
lipped portion of the first tubular member, and plastically deforming and radially 
5 expanding the second tubular member. The inside dianrteters of the first and second 
tubular members after the plastic defomiations an<J radial expansions are substantially 
equal. In a preferred embodiment, the method further includes injecting a hardenable 
fiuidic sealing material in an annulus between the first tubular member and the 
wellbore. In a preferred embodiment, the method further includes curing the fiuidic 

10 sealing material. In a prefen^ed embodiment, the method further includes injecting a 
hardenable fiuidic sealing material in an annulus between the second tubular member 
and the wellbore. In a preferred embodiment, the method further includes curing the 
fiuidic sealing material. 

An apparatus for forming a mono-diameter wellbore casing within a wellbore 

1 5 has also been described that indudes means for providing a lipped portion in the first 
tubular member, means for plastically deforming and radially expanding another portion 
of the first tubular mennber, means for positioning the second tubular member inside 
the first tubular member in overlapping relation to the lipped portion of the first tubular 
memt>er, and means for plastically deforming and radially expanding the second 

20 tubular member. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, the apparatus further includes means for injecting a hardenable fiuidic 
sealing material in an annulus between the first tubular member and the wellbore. In a 
preferred emlxxliment, the apparatus further includes means for curing the fiuidic 

25 sealing material. In a preferred embodiment, the apparatus further includes means for 
injecting a hardenable fiuidic sealing material in an arinulus between the second 
tubular memt^er and the wellbore. In a preferred embodiment, the apparatus further 
Includes means for curing the fiuidic sealing material. 

An apparatus for plastically deforming and radially expanding a tubular member 

30 has also t>een described that includes means for plastically defonming and radially 
expanding a first end of the tubular member, and means for plastically deforming and 
radially expanding a second end of the tubular member In a preferred embodiment, 
the apparatus further includes means for anchoring the tubular nriember during the 
radial expansion. 
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An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a tubular support member including a first 
passage, an expansion cone coupled to the tubular support having a second passage 
fluididy coupled to the first passage and an outer conical surface, an annular 
5 expansion cone launcher movably coupled to outer conical surface of the expansion 
cone, an exparulable tubular member coupled to an end of the annular expansion cone 
launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and anoOier annular expansion cone movably 
coupled to the tubular support member. The annular expansion cones are positioned 

10 in opposite orientations. In a preferred embodiment, the annular expansion cone is 
adapted to plastically deform and radially expand a first end of the expandable tubular 
member and the other annular expansion cone is adapted to plastically defomn and 
radially expand a second end of the expandable tubular member. In a preferred 
embodiment, the apparatus further includes an anchoring member coupled to the 

1 5 tubular support member adapted to hold the expandable tubular. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a first 
end of the tubular number, and plastically defonming and radially expanding a second 
end of the tubular member. In a prefened embodiment, the method further includes 

20 anchoring the tubular member during the radial expansion. In a preferred embodiment, 
the first end of the tubular member is plastically deformed and radially expanded before 
the second end. In a prefenred embodiment, plasticaliy deforming and radially 
expanding the second end of the tubular member Includes injecting a fluidic material 
into the tubular member 

25 A method of coupling a first tubular member to a second tubular mismber has 

also been described that includes positioning the second tubular member inside the 

first t ub u l ar member I n an o veri a ppin g rel a t i onsh i p , pl a st i c a l l y defonn i n g a nd r a d ial ly — 

expanding the end of the second tubular member that overiaps with the first tubular 
member, and plastically deforming and radially expanding the remaining portion of the 

. 30 second tubular member. In a prefen-ed embodiment, the method further includes 
plastically deforming and radially expanding at least a portion of the second tubular 
member. In a prefenred embodiment, the inside diameters of the fnrst and second 
tubular members are substantially equal after the radial expansions. 
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An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for positioning the second tubular 
member inside the first tubular member in an overlapping relationship, means for 
plastically deforming and radially expanding the end of the second tubular member that 
5 overlaps with the first tubular member, and means for plastically defomning and radially 
expanding the remaining portion of the second tubular member. In a preferred 
embodiment, the apparatus further includes means for plastically deforming and 
radially expanding at least a portion of the second tubular member. In a preferred 
embodiment, the inside diameters of the first and second tubular members are 

1 0 substantially equal after the radial expansions. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the welltx)re, 
means for plastically deforming and radially expariding a first end of the tubular 
member, and means for plastically deforming and radially expanding a second end of 

15 the tubular member. In a preferred embodiment, the apparatus further includes means 
for anchoring the tubular member during the radial expansion. In a prefen^d 
embodiment, the apparatus further includes means for Injectihg a hardenable fluidic 
sealing material into an annulus between the tubular member and the wellbore. 
An apparatus for forming a wellbore casing within a wellbore has also been 

20 described that Includes a tubular support member including a first passage, an 
expansion cone coupled to the tubular support having a second passage fluididy 
coupled to the first passage and an outer conical surface, an annular expansion cone 
launcher movably coupled to outer conical surface of the expansion cone, an 
expandable tubular member coupled to an end of the annular expansion cone 

25 launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
coupled to the tubular support member. The annular expansion cones are positioned 
in opposite orientations. In a prefen^ed embodiment, the annular expansion cone is 
adapted to plastically defonm and radially expand a first end of the exparKiable tubular 

30 member and the other annular expansion cone is adapted to plastically deform and 
radially expand a second end of the expandable tubular member. In a preferred 
embodiment, the apparatus further includes an anchoring member coupled to the 
tubular support nriember adapted to hold the expandable tubular. 
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A method of forming a wellbore casing within a wellbore has also been 
desci1t>ed that Includes plasticaily defomiing and radially expanding a first end of the 
tubular nneniber. and plastically defomning and radially expanding a second end of the 
tubular member. In a preferred embodiment, the method further includes anchoring the 
5 tubular member during the radial expansion. In a preferred embodiment, the first end 
of the tubular nnember is plastically deformed and radiaHy expanded before the second 
end. In a prefenred embodiment, plasticaily defomiing and radially expanding the 
second end of the tubular member includes injecting a fluidic material into the tubular 
member. In a preferred embodiment, the method further includes injecting a 
1 0 hardenable fluidic sealing material into an annulus between the tubular member and 
the wellt>ore. 

A method of fomning a wellbore casing within a wellbore has also been 
described that includes plastically defonning and radially expanding a first tubular 
menrtber within the wellbore, positioning a second tubular member inside the first 

15 tubular member in an overiapplng relationship, plastically deforming and radially 
expanding the end of the second tubular member that overiaps with the first tubular 
memt>er, plastically defomrung and radially expanding the remaining portion of the 
second tubular member. In a preferred embodiment, the method further includes 
plastically deforming and radially expanding at least a portion of the second tubular 

20 member. In a preferred embodiment, the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. In a prefenred 
embodiment the method further includes injecting a hardenable fluidic sealing material 
Into an annulus between the first tubular member and the wellbore. In a preferred 
embodiment, the method further includes injecting a hardenable fluidic sealing material 

25 into an annulus between the second tubular merhber and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 

described th a t incl u des means for p l a s tica l ly d e forming a nd radi a lly e xpanding a fir s t — 

tubular memtjer within the wellbore, means for positioning the second tubular member 
inside the first tubular member in an overiapplng relationship, means for plastically 

30 deforming and radially expanding the end of the second tubular member that overiaps 
with the first tutmlar memt)er, means for plastically defomiing and radially expanding 
the remaining portion of the second tubular member. In a prefened embodiment, the 
apparatus further includes means for plastically deforming and radially expanding at 
least a portion of the second tubular member. In a prefenred embodiment, the inside 
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diameters of the first and second tubular meml^ers are substantially equal after the 
radial expansions. In a pr^erred embodlntent, the apparatus further includes nrteans 
for Injecting a hardenable fluidic sealing nnaterial into an annulus between the first 
tubular member and the wellbore. In a preferred embodiment, the apparatus further 
5 includes nneans for injecting a.hardenable fluidic sealing material into an annulus 
between the second tubular member and the wellbore. 

An apparatus for bridging an axial gap t>etween opposing pairs of wellbore 
casirig within a wellbore has also been descrit>ed that includes means for supporting a 
tubular member in overlapping relation to the opposing ends of the wellbore casings, 

10 means for plastically deforming and radially expanding the tubular member, and means 
for plastically defomiing and radially expanding the tubular member and ttie opposing 
ends of the wellbore casings. 

A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore has also been described that includes supporting a tubular member in 

15 overtapping relation to the opposing ends of the wellbore casings, plastically deforming 
and radially expanding ttie tubular member, and 

plastically deforming and radially expanding the tubular member arrd the opposing 
ends of ttie wellbore casings. 

A method of fomiing a structure having desired strength characteristics has also 

20 been described that includes providing a first tubular member, and plastipally deforming 
and radially expanding additional tubular menribers onto the interior surface of the first 
tubular member until the desired strengtii characteristics are achieved. 

A method of forming a wellboie casing within a wellt)ore having desired strength 
characteristics has also been described that includes plastically deforming and radially 

25 expanding a first tubular member within the wellt>ore, and plastically deforming and 
radially expanding additional tubular members onto the interior surface of the first 
tubular member until tiie desired strength characteristics are achieved. 

A method of coupling a first tubular memt)er to a second tubular member, the 
first tiJbular member having an original outside diameter ODo and an original wall 

30 thickness to, has also been described ttiat includes plastically defomaing and radially 
expanding a first portion of tiie first tubular member to a first outside diameter, 
plastically defomrting and radially expanding another portion of the first tubular member 
to a second outside diameter, positioning the second tubular member inside the first 
tubular member In overlapping relatton to the first portion of the first tubular member. 


plastically deforming and radially expanding the second tubular member to a third 
outside dianneter, and pbstically defomning and radially expanding the second tubular 
member to a fourth outside diameter, wherein the inside diameters of the first and 
second tubular members after the plastic deformations and radial expansions are 
5 substantially equal, and 

wherein the ratio of the original outside diameter ODo of the first tubular member to the 
original wall thickness to of the first tubular member is greater than or equal to 16. 

A method of fomning a mono-diameter wellbore casing has also been described 
that includes positioning a first tubular member within a wellbore, the first tubular 

10 member having an original outside diameter ODq and an original wall thickness to, 

plastically defooning and radially expanding a first portion of the first tubular member to 
a first outside diameter, plastically defomiing and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 

15 first tubular member, plastically defonming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic defonnations and radial expansions 
are substantially equal, and wherein the ratio of the original outside diameter ODo of 

20 the nrsX tubular member to the original wall thidoiess to of the first tubular member is 
greater than or equal to 16. 

An apparatus has also been described that includes a plastically defonned and 
radially expanded tubular member having a first portion having a first outside diameter 
and a remaining portion having a second outside diameter, wherein the ratio of the 

25 original outside diameter ODo of the first tubular member to the original wail thickness to 
of the first tubular member is greater than or equal to 1 6. 

: An apparatus h as also b oo n doc cribe d th a t i ncludes a plastical l y deform e d end 

radially expanded first tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, and a plastically 

30 defonned and radially expanded second tubular member coupled to the first portion of 
the first tubular member. The ratio of the original outside diameter ODo of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. In a preferred embodiment, the inside diameters of the first and 
second tubular members are sut>stantially equal. 
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A wellbore casing formed in a weDbore has also been described that includes a 
plastically deformed and radially expanded first tubular member having a first portion 
having a first outside diameter and a remaining portion having a second outside 
diameter, and a plastically deformed and radially expanded second tubular member 

5 coupled to the first portion of the first tubular member. The ratio of the original outside 
diameter ODo of the first tubular member to the original wall thickness to of the first 
tubular member is greater than or equal to 16. In a preferred embodiment, the inside 
diameters of the first and second tubular members are substantially equal. 

An apparatus has also been desoibed that includes a plastically defonned and 

1 0 radially expanded tubular member. In a preferred emtxxliment, the ratio of the original 
outside diameter ODo of the tubular member to the original wall thiclcness to of the 
tubular member Is greater than or equal to 16. 

in several alternative embodiments, the methods and apparatus descn*bed and 
referenced above nr)ay be used to form or repair wellbore casings, pipelines, and 

1 5 structural supports. 

Although this detailed description has shown and described illustrative 
embodiments of the invention, this description contemplates a wide range of 
modifications, changes, and substitutions. In some instances, one may employ some 
features of the present invention without a corresponding use of ttie other features. 

20 Accordingly, it is appropriate that readers should construe the appended claims 
broadly, and in a manner consistent with the scope of the invention. 
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Claims 

1 . An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

5 means for plastically deforming and radially expanding a first portion of the 

tubular member to a first outside diameter, and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter, 

wherein the means for plastically defonning and radially expanding the first 
1 0 portion of the tubular member to the first outside diameter includes rolling means for 
applying radial pressure to the first portion of the tubular member. 

2. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

1 5 . plastically defonning and radially expartding a portion of the tubular member to 

a first outside diameter; and 

plastically defonning and radially expanding another portion of the tubular 
member to a second outside diameter; 

wherein plastically defonning and radially expanding the portion of the tubular 
20 member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

3. An apparatus for forming a wellbore casing within a wellbore, comprising: 
25 means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the 

tubu la r m e mber to a fir s t outs i d e d ia m e ter; a nd — 

means for plastically defonning and radially expanding a second portion of the 
tubular member to a second outside diameter; 
30 wherein the means for plastically deforming and radially expanding the first 

portion of the tubular member to the first outside diameter comprises rolling means for 
applying radial pressure to the first portion of the tubular member. 

4. A method of formirtg a wellbore casing within a wellbore. comprising: 


59 


supporting a tubular member within a wellbore; 

plasticaUy defonning and radially expanding a portion of the tubular member to 
a first outside diameter, and 

plastically defonning and radially expanding another portion of the tubular 
5 member to a second outside dsmeter; 

wherein plastically defomning and radially expanding the portion of the tubular 
member comprises: 

applying a radial force to the portion of the tubular mennber using a roller expansion . 
device. 
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1 . Ah apparatus for plastically deforming and radiaOy expanding a tubular memt>er, 
comprising: 

means for plastically deforming and radially expanding a first portion of the 
tubular member to a first outside diameter, and 
5 means for plasticalty deforming and radially e)q>and{r)g a second portion of the 

tubular member to a second outside diameter. 

2. The apparatus of daim 1 , wherein the first outside diameter is greater than the 
second outside diameter. 

10 

3. The apparatus of daim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
removable. 

15 4. The apparatus of daim 1 , wherein the means for plastically deforming and 

radially expanding the first portion of the tubular member to the first outside diameter is 
frangible. 

5. The apparatus of daim 1 , wherein the means for plastically deforming and 

20 radially expanding the first portion of the tubular member to the first outside diameter is 
elastic. 

6. The apparatus of daim 1 , wherein the- means for. plastically deforming and 
radially expanding the first portion of the tubular nrtember to the first outside diameter 

25 comprises means for applying a radial force to the first portion of the tubular member. 

L The apparatus of daim 1, wherein the means for plast'cally deforming and 

radially expanding the first portion of the tubular member to the first outside diameter is 
inflatable. 

30 

8. The apparatus of daim 1. wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 
indudes rolling means for applying radial pressure to the first portion of the tubular 
memt>er. 
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9. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member including a first fluid passage; 
5 an expansion cone coupled to the tubular support member having a second 

fluid passage flutdidy coupled to this first fluid passage and an outer 
conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

10 an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member; and 
a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

15 10. The apparatus of claim 9, wherein the conical sleeve is frangible. 

11. The apparatus of daim 9. wherein the conical sleeve is elastic. 

12. The apparatus of claim 9. wherein the conical sleeve comprise a plurality of 
. 20 arcuate elements. 

13. A method of plastically defomntng and radially expanding a tubular member, 
comprising: 

plastically defomning and radially expanding a portion of the tubular member to 
25 a first outside diameter; and 

plastically defomiing and radially expanding another portion of the tubular 
member to a second outside diameter. 

14. The method of claim 1 3, wherein the first diameter is greater than the second 
30 diameter. 

15. the method of daim 13. wherein piasfically defonning and radially expanding the 
portion of the tubular member comprises: 
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applying a radial force to the portion of the tubular member using a conical 
sleeve. 

1 6. The method of daim 1 5» wherein the conical sleeve is frangible. 

5 

1 7: The method of claim 1 5, wherein the conical sleeve is elastic. 

18. The method of claim 15, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

10 

1 9. The method of claim 1 3, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
15 bladder. 


20. The method of daim 13. wherein plastically deforming and radially expanding the 
portion of ttie tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
20 expansion device. 

21 . A method of coupling a first tubular member to a second tubular member, 
comprising: 

plastically deforming and radially expanding a first portion of the first tubular 
25 member to a first outside diameter; 

plastically defomning and radially expanding another portion of the first tubular 

member to a second outside diameten 

positioning the second tubular memt)er inside the first tubular member in 
overtapping relation to the first portion of the first tubular member, 
30 plastically defomning and radially expanding the second tubular member to a 

third outside diameter; and 
plastically deforming and radially expanding the second tubular member to a 
fourth outside diameten 
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wherein the inside diameters of the fiist and second tubular members after the 
plastic defonmations ^nd radial expansions are substantiaily equal. 


22. The method of claim 21 . wherein the first outside diameter is greater than the 
5 second outside diameter. 

23. Tte method of daim 21 . wherein plasticafly defonning and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical . 
10 sleeve. 

24. The method of daim 23, wherein the conical sleeve is frangible. 

25. The method of daim 23, wherein the conical sleeve is elastic. 


15 


26. The method of claim 23, wherein the conical sleeve comprises a plurality of 
arcuate elements. 


27. The method of daim 21 , wherein plastically deforming and radially expanding the 
20 first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 

28. The method of daim 21 , wherein plastically defomiing and radially expanding the 
25 first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 

29. An apparatus for coupling a first tubidar member to a second tubular member, 
30 comprising: 

means for plastically defomiing and radially expanding a first portion of the first 

tubular member to a first outside diameten 
means for plastically defomiing and radially expanding another portion of the 

first tubular member to a second outside diameter; 
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means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular 
member; 

means for plasticaDy defonming and iradialiy expanding the second tubular 
5 member to a third outside diameter, and 

means for plastically defomiing and radially expanding the second tubular 

member to a fourth outside diameten 
wherein the inside diameters of the first and second tubular members after the 

plastic defonrations and radial expansions are substantially equal. 

10 

30. The apparatus of claim 29, wherein the first outside diameter is greater than the 
second outside diameter. 

31 . The apparatus of claim 29, wherein the means for plastically deforming and 
1 5 radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular memt>er using a 
conical sleeve. 

32. The apparatus of claim 31 , wherein the conical sleeve is frangible. 

20 

33. The apparatus of claim 31 , wherein the conical sleeve is elastic. 

34. The apparatus of claim 31 , wherein the conical sleeve comprises a plurality of 
arcuate elements. 

25 

35. The apparatus of claim 29. wherein the means for plastically deforming and 
raritoHy ftypanding thfl first portion nf thft firRt tiihtilar mftmhftr mmprisR s : 

means for applying a radial force to the first portion of the first tubular member 
using an inflatable bladder. 

30 

36. The apparatus of claim 29. wherein the means for plastically defomning and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using a roller expansion device. 
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37. An apparatus for forming a wellbore casing within a wellbore, comprising: 

means for supporting a tubular memt)er within the wellbore; 
means for plastically deforming and radially expanding a first portion of the 
5 tubular member to a first outside diameter, and . 

means for plastically defonning and radially expanding a second portion of the 
tubular member to a second outside diameter. 

38. The apparatus of claim 37, wherein the first outside diameter is greater than the 
1 0 second outside diameter. 

39. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
removable. 

15 

40. The apparatus of daim 37, wherein the means for plasticaDy deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
frangible. 

20 41 . The apparatus of claim 37, wherein the means for plastically deforming and 

radially expanding the first portion of the tubular memk>er to the first outside diarneter is 
elastia 

42. The apparatus of daim 37, wherein the means for plastically deforming and 
25 radially expanding the first portion of the tubular member to the first outside diameter 

comprises means for applying a radial force to the first portion of the tubular member. 

43. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 

30 inflatable. 

44. The apparatus of daim 37. wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outsMe diameter 
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comprises roiling means for applying radial pressure to the first portion of the tubular 
member. 

45. The apparatus of daim 37, further comprising: 
5 means for forming an annular body of a fluldic sealing material within an 

annulus between the tubular membeir and the wellbore. 

An apparati^ for forming a wellbore casing within a weiibore. comprising: 
a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member, and 
a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

20 47. The apparatus of claim 46, wherein the conical sleeve is frangible. 

48. The apparatus of daim 46, v^ereln the conical sleeve Is elastic. 

49. The apparatus of daim 46» wherein the conical sleeve comprises a plurality of 
25 arcuate elements. 

50. A method of forming a wellbore casing within a wellbore, comprising: 

supportir^ a tubular memt>er within a wellbore; 

plastically defonning and radially expanding a portion of the tubular member to 
30 a first outside diameter; and 

plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter. 


46. 

10 
15 
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51 . The method of daim 50, wherein the first diameter is greater than the second 
diameter. 

52. The method of daim 50, wherein plastically defomiing and radially expanding the 
5 portion of the tubular memt>er comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

53. The method of daim 50, wherein the conical sleeve is frangible. 

10 

54. The method of daim 50, wherein the conical sleeve is elastic. 

55. The method of daim 50, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

15 

56. The method of daim 50. wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
bladder. 

20 

57. The method of daim 50. wherein plastically defomung and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

25 

58. The method of claim 50, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the tubular member and the wellbore. 

. 30 59. The method of daim 58« further comprising: 

curing the annular body of hardenable fluidic sealing material. 

60. A method of forming a mono-diameter wellbore casing within a wellbore. 
comprising: 
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supporting a first tubujar member within the wellbore; 

plastically deforming and radially expanding a first portion of the first tubular 

member to a first outeide diameter, 
plastically defomning and radially expanding another portion of the first tubular 
5 member to a second outside diameter, 

positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member, 
plastically defomning and radially expanding the second tubular member to a 

third outside diameter; and 
1 0 plastically defomning and radially expanding the second tubular member to a 

fourth outside diameter; 
wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are sul>stantially equal. 

15 61 . The rrothod of claim 60, wherein the first outside diameter Is greater than the 
second outside diameter. 

62. The method of daim 60, wherein plastically defomning and radially expanding the 
first portion of the first tubular member comprises: 

20 applying a radial force to the portion of the tubular member using a conical 

sleeve. 

63. The method of daim 62, wtierein the conical sleeve is frangible. 

25 64. The method of daim 62, wherein the conical sleeve is elastic. 

fiS The method nf riaim fi? , whftrftin tha rnnlcal sleeve comprises a plurality of 

arcuate elements. 


30 66. The method of daim 60, wherein plastically defonming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 
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The methcxJ of daim 60, wherein plastically deforming and radially expanding the 
portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 

The method of daim 60, further comprising: 

injecting an annular body of a hardenable fiutdic sealing material into an 
annulus between the first tubular member and the weBbore. 

10 69. The method of daim 68, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

70. The method of daim 60, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
1 5 annulus between the second tubular member and the weDbore. 

71 . The method of daim 70, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

20 72. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameten 
means for plastically defonning and radially expanding another portion of the 
25 first tubular member to a second outside diameter, 

means for positioning the second tubular member inside the first tubular 

member in overiapping relation to the first portion of the first tubular 

member, 

means for plastically deforming and radially expanding the second tubular 
30 member to a third outside diameter, and 

means for plastically deforming and radially expanding the second tubular 

member to a fourth outside dlameten 
wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal. 
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73. The apparatus of daim 72, wherein the first outside diameter is greater than the 
second outside diameter. 

5 74. The apparatus of daim 72, wherein the means for plastically deforming and 
radially expanding the first pc^on of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

10 75. The apparatus of daim 74, wherein the conical sleeve is frangible. 

76. The apparatus of daim 74, wherein the conical sleeve is elastic. 

77. The apparatus of claim 74. wherein the conical sleeve comprises a plurality of 
1 5 arcuate elements. 

78. The apparatus of daim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
20 using an inflatable bladder. . 

79. The apparatus of daim 72, wherein the means for plastically defonrni^ 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
25 using a roller expansion device. 

80. The apparatus of daim 72. further comprising: [ 

means for injecting an annular body of a hardenable fluidic sealing material into 

an annulus between the first tubular member and the welll)ore. 

30 

81 . The apparatus of daim 80, further comprising: 

means for curing the annular body of hardenable fluidic sealing material. 

82. The apparatus of daim 72, further convrising: 
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means for injecting an annular body of a hardenabie fluidic sealing material Into 
an annulus between the second tubular member and the wellbore. 

83. The apparatus of daim 82. further comprising: 

means for curing the annular body of hardmable fluldic sealing material. 

84. An apparatus for plastically defomning and radially expanding a tubular member, 
comprising: 

means for providing a lipped portion in a portion of the tubular member, and 
means for plastically defonming and radially expanding another portion of the 
tubular member. 

85. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluidlcly coupled to the first fluid passage and an outer 
conical surface; 
an annular expansion cone launcher comprising: 

a first annular portion coupled to a lower portion of the tubular member; 
a second annular portion coupled to the first annular portion that mates 

with the outer conical surfiace of the expansion cone; 
a third annular portion coupled to the second annular portion having a 

first outside diameter; and 
a fourth annular portion coupled to the tiiird annular portion having a 

second outside diameter; 
wherein the second outside diameter is less than the first outside 
diameter, and 

a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

86. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

providing a lipped portion In a portion of the tubular member, and 
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plastically defonmlng and radially expanding another portion of the tubular 
member 

87. A method of coupling a first tubular member to a second tubular member, 
5 comprising: 

providing a lipped portion in a portion of the first tubular member; 
plastically defonning and radially expanding another portion of the first tubular 
member; 

positioning the second tubular member inside the first tubular member in 
10 overlapping relation to the lipped portion of the first tubular member, and 

plastically defonming and radially expanding the second tubular member, 
wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

88. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for providing a lipped portion in the first tubular member; 
means for plastically defonriing and radially expanding another portion of the 

first tubular memben 
means for positioning the second tubular member Inside the first tubular 

member in overlapping relation to the lipped portion of the first tubular 
member; and 

means for plastically deformirtg and radially expanding the second tut>ular 
member, 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 


15 


20 


25 


89. An apparatus for forming a wellbore casing within a wellbore, comprising: 

means for supporting a tubular rnember within the welltx)re; 
30 means for providing a lipped portion in the tubular nriember; and 

means for plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

90. An apparatus for forming a wellbore casing within a wellbore, comprising: 
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a tubular support memt)er induding a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid passage and an outer 
conical surface; 
5 an annular expansion cone launcher comprising: 

a first annular portion coupled to a lower portion of the tubular memben 
a second annular portion coupled to the first annular portion that mates 

with the out^ conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a 
1 0 first outside diameter; and 

a fourth annular portion coupled to the third annular portion having a 

second outside diameter; 
wherein the second outside diameter is less than the first outside 
diameter, and 

15 . a shoe having a valveable passage coupled to fourth annular portion of the 

expansion cone launcher. 


91 . A method of fonning a wellbore casing in a wellbore, comprising: 

supporting a tubular member within the wellbore; 
20 providing a lipped portion in a portion of the tubular member, and 

plastically defomning and radially expanding another portion of the tubular 
meml>er. 

92. The method of daim 91 , further comprising: 

25 injecting a hardenabie fluidic sealing material in an annulus between the tubular 

member and the wellbore. 

93. The method of daim 92, further comprising: 
curing the fluidic sealing material. 

30 

94. A method of fomning a mono-diameter wellbore casing within a wellbore, 
comprising: 

supporting a first tubular member within the wellbore; 

providing a lipped portion in a portion of the first tubular member. 
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plastically deforming and radially expanding another portion of the first tubular 
niemben 

positioning the second tubular member inside the first tubular nnember in 

overlapping relation to the lipped portion of the first tubular member, and 
5 plastically deforming and radially expanding the second tubular member. 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

95. The method of claim 94, further comprising: 
10 injecting a hardenable fluidic sealing material in an annulus between the first 

tubular merhber and the wellbore. 


96, The method of claim 95, further comprising: 
curing the fluidic sealing material. 

97. The method of claim 94, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the second 
tubular member and the wellbore. 
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20 98. The method of claim 97, further comprising: 
curing the fluidic sealing material. 

99. An apparatus for fomnlng a nrK)no-diameter wellbore casing within a wellbore, 
comprtehg: 

25 means for providing a lipped portion in the first tubular member, 

means for plastically deforming and radially expanding another portion of the 

~. — first tubular member, 

means for positioning the second tubular member inside the first tubular 

memt>er in overiapping relation to the lipped portion of the first tubular 
30 member and 

means for plastically deforming and radially expanding the second tubular 
member; 

wherein the iriside diameters of the first and second tubular members after the 
plastic defonmations and radtel expansions are substantially equal. 
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100. The apparatus of daim 99, further comprising: 

means for injecting a hardenable fluidic sealing material in an annutus between 
the first tubular member and the wellbore. 

5 

101 . The apparatus of daim 1 00, further comprising: 
nieans for curing the fluidic sealing material. 

1 0Z The apparatus of daim 99, further comprising: 
10 means for injecting a hardenable fluidic sealing material in an annulus betyveen 

the second tubular member and the wellbore. 

103. The apparatus of daim 102, further comprising: 
means for curing the fluidic sealing material. 

15 

104. An apparatus for plastically defonming and radially expanding a tubular member, 
comprising: 

means for plastically deforming and radially expanding a first.end of the tubular 
member; and 

20 means for plastically defonming and radially expanding a second end of the 

tubular memt>er. 

105. The apparatus of claim 104, further comprising: 

means for anchoring the tubular member during the radial expansion. 

25 

1 06. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support memt^er induding a first passage; 
an expansion cone coupled to the tubular support having a second passage . 
30 fluidicly coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher movably coupled to outer conical surface 

of the expansion cone; 
an expandable tubular member coupled to an end of the annular expansion 

cone launcher; 
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a shoe coupled to another end of the annular expansion cone launcher having a 

valveable fluid passage; and 
another annular expansion cone movably coupled to the tubular support 

member; 

. 5 wherein the annular expansion cones are positiohed in opposite orientations. 

107. The apparatus of claim 106, whi^rein the annular expansion cone is adapted to 
plastically defonrh and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically defonfn and radially 

10 expand a second end of the expandable tubular member. 

108. The apparatus of claim 106, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tut)ular. 

15 

109. A method of plastically defomning and radially expanding a tubular member, 
comprising: 

plastically defonming and radially expanding a first end of the tubular member; 
and 

20 plastically deforming and radially expanding a second end of the tubular 

memt>er. 

110. The method of claim 109, further comprising: 
anchoring the tubular member during the radial expansion. 

25 

111. The method of claim 109, wherein the first end of the tubular member is 
plastically defomned and radially expanded before the second end. 

112. The method of daim 109, plastically deforming and radially expanding the 

30 second end of the tubular member comprises injecting a fluidic material into the tubular 
member. 

113. A method of coupling a first tubular member to a second tubular member, 
comprising: 
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positioning the second tubular member inside the first tubular member in an 

overlapping relationship; 
plastically defonmlng and radially expanding the end of the second tubular 

member that overtaps with the first tubular member; 
plastically deforming and radially expanding the remairang portion of the second 

tubular memt)er. 

114. The method of dalm 1 1 3, further comprising: 

plastically defonming and radially expanding at least a portion of the second 
tubular member. 

115. The method of claim 1 14. wherein the inside diameters of the first and second 
tubular members are substantially equal aft^ the radial expansions. 

1 16. An apparatus for coupling a first tubular member to a second tubular member, 
comprisir^: 

means for posittoning the second tubular member Inside the first tubular 

member in an overiapping relationship; . 
means for plastically defonming and radially expanding the end of the second 

tubular member that overlaps with the first tubular nfiemben 
means for plastically defonrtng and radially expanding the renraining portion of 

the second tubular member. 

1 1 7. The apparatus of claim 1 1 6, further comprising: 

means for plastically deforming and radially expanding at least a portion of the 
second tubular member. 

1 18. The apparatus of dalm 1 1 7, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

1 19. An apparatus for forming a wellbore casing within a wellbore, comprising: 

means for supporting a tubular member within the wellboie; 
means for plastically deforming and radially expanding a first end of the tubular 
memt>er; and 
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means for plastically deforming and radially expanding a second end of the 
tubular memt)er. 


10 


120. The apparatus of daim 1 19, further comprising: 

means for anchoring the tubular member during the radial expansion. 

1 21 . The apparatus of daim 119, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the tubular member and the wellbore. 


122. An apparatus for forming a wellbore casing within a wellbore, comprising: 
a tubular support member induding a first passage; 
an expansion cone coupled to the tubular support having a second passage 
fluidicly coupled to the first passage and an outer conical surface; 
15 an annular expansion cone launcher movably coupled to outer conical surface 

of the expansion cone; 
an expandable tubular member coupled to an end of the annular expansion 
cone launcher, 

a shoe coupled to another end of the annular expansion cone launder having a 
20 vaiveable fluid passage; and 

another annular expansion cone movably coupled to the tubular support 
member, 

wherein the annular expansion cones are positioned in opposite orientattons. 

25 123. The apparatus of daim 122, wherein the annular expansion cone is adapted to 
plastically defonm and radially expand a first end of the expandable tubular n)ember 

and the other annular expansion cone is adapted to plastically deform and radially 

expand a second end of the expandable tubular member. 


30 124. The apparatus of daim 122, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

1 25. A method of forming a wellbore casing within a wellbore, comprising: 
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plastically deforming and radially expanding a first end of the tubular nieml)er, 
and 

plastically deforming and radially expanding a second end of the tubular 
member. 

5 

1 26. The method of daim 1 25. further comprising: 
anchoring the tubular member during the radial expansion. 

127. The method of daim 125, wherein the first end of the tubular member is 
10 plastically defomied and radially expanded before the second end. 

128. The method of daim 125, plastically defonning and radially expanding the 
second end of the tubuiar member comprises injecting a fluidic material into the tubular 
member. 

15 

129. The method of daim 125, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the 
tubular member and the wellbore. 

20 130. A method of fonming a wellbore casing within a wellbore, comprising: 

plastically defomning and radially expanding a first tubular member within the 
wellbore; 

positioning a second tubular member inside the first tubular member in an 
overiapping relationship; 
25 plastically defonning and radially expanding the end of the second tubular 

member that overiaps with the first tubular member, 
plastically defomning and radially expanding the remaining portion of the second 
tubular member. 


30 131. The method ofdaim 130, further comprising: 

plastically defomfiing and radially expanding at least a portion of the second 
tubular member. 
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132. The method of claim 131, wherein the inside diameters of the first and second 
tubular memt)ers are substantially equal after the radial expansions. 


5 1 33. The method of daim 1 30, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the first 
tubular member and the wellbore. 

134. The method of daim 130, further comprising: 
10 injecting a hardenable fluidic sealing material into an annulus between the 

second tubular number and the wellbore. 


135. An apparatus for forming a wellbore casing within a wellbore, comprising: 

means for piasttcaliy deforming and radially expanding a first tubular member 
1 5 within the wellbore; 

means for positioning the second tubular member inside the first tubular 

member in an overiapping relationship; 
means for plastically deforming and radially expanding the end of the second 
tubular member that overiaps with the first tutHilar member; 
20 means fpr plastically deforming and radially expanding the remaining portion of 

the second tubular member. 


1 36. The apparatus of daim 1 35, further comprising: 

means for plastically deforming and radially expanding at least a portion of the 
25 second tubular member. 

137. The apparatus of daim 136, wherein the inside diameters of the first and second 
tubular members are sutistantially equal after the radial expansions. 

30 

1 38. The apparatus of daim 1 35, further comprising: 

means for injeding a hardenable fluidic sealing material into an annulus 
between the first tubular member and the wellbore. 
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1 39. The apparatus of claim 135, further comprising: 

means for injeding a hardenable fluidic sealing material into an annulus 
between the second tubular mehiber and the wellbore. 

5 140. An apparatus for bridging jan axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

means for supporting a tubular member in overlapping relation to the opposing 

ends of the weHbore casings; 
means for plastically deforming and radially expanding the tubular member, and 
1 0 means for plastically deforming and radially expanding the tubular member and 

the opposing ends of the wellbore casings. 

141 . A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

1 5 supporting a tubular member in overtapping relation to the opposing ends of the 

wellbore casings; 
plastically deforming and radially expanding the tubularmemben and 
plastically defonmlng and radially expanding the tubular nriember and the 

opposing ends of the wellbore casings. 

20 

142. A method of forming a structure having desired strength characteristtcs, 
comprising: 

providing a first tubular member, and 

plastically defonming and radially expanding additiorial tubular members onto 
25 the interior surface of the first tubular member until the desired strength 

characteristics are achieved. 

143. A method of fonning a wellbore casing within a wellbore having desired strength 
characteristics, comprising: 

30 plastically deforming and radially expanding a first tubular member within the 

wellbore; and 

plastically deforming and radially expanding additional tubular members onto 
the Interior surface of the first tubular member until the desired strength 
characteristics are achieved. 
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144. A method of coupling a firsl tubular member to a second tubular member, the first 
tubular member having an original outside diameter ODo and an original wall thickness 
to» comprising: 

5 plastically defonming and radially expanding a first portion of the first tubular 

memt)er to a first outside diameter, 
plastically defomiing and radially expanding another portion of the first tubular 

member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in 
10 overlapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a 

third outside diameter; and 
plastically deforming and radially expanding the second tubular member to a 

fourth outside diameter, 
15 wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal; and 
wherein the ratio of the original outside diameter ODb of the first tubular 

member to the original wall thickness to of the first tubular member is 

greater than or equal to 1 6. 

20 

145. A method of fomiing a mono-diameter wellbore casing, comprising: 

positioning a first tubular member within a wellbore, the first tubular member 
having an original outside diameter ODo and an original wall thickness 
to; 

25 plastically defomning and radially expanding a first portion of the first tubular 

member to a first outside diameter; 

plastically deforming and radially expanding another portion of the first tubular 

nriemt>er to a second outside diameter 
positioning the second tubular member inside the finst tubular member in 
30 overlapping relatton to the first portton of the first tubular member; 

plastically defomning and radially expanding the second tubular member to a 

third outside diameter; and 
plastically defonning and radially expanding the second tubular member to a 
fourth outside diameter, 
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wherein the inside diameters of the first and second tubular members after the 
plastic defonnatlons and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODo of the first tubular ' 
member to the original wall thickness to of the first tubular member is. 
5 greater than or equal to 1 6. 

146. An apparatus, comprising: 

a plastically defonmed and radially expanded tubular member having a first 

portion having a first outside diameter and a remaining portion having a 
1 0 second outside diameter, 

wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 
greater than or equal to 1 6^ 

15 147. An apparatus, comprising: 

a plastically defomied and radially expanded first tubular member hiaving a first 
portion having a first outskle diameter and a remaining portion having a 
second outside diameter; and 
a plastically deformed and radially expanded second tubular member coupled 
20 to the first portion of the first tubular member; 

wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. 


25 148. The apparatus of claim 147. wherein the inside diameters of the first and second 
tubular members are substantially equal. 

149. A wellbore casing formed in a wellbore, comprising: 

a plastically defonmed and radially expanded first tubular member having a first 
30 portion having a first outside diameter and a remaining portion having a 

second outside diameter, and 
a plastically deformed and radially expanded second tubular member coupled 
to the first portion of the first tubular member, 
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wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. 

5 1 50. The casing of daim 149, wherein the inside diameters of the first and second 
tutAiiar members are substantially, equal. 


An apparatis, comprising: 

a plastically defomaed and radially expanded tubular member; 

wherein the ratio of the original outside diameter ODo of the tubular member to 

the original wall thickness to of the tubular member is greater than or 

equal to 16. 
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